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by  F.  E.  Snodgrass 

ABSTRACT 


The  Mark  IX,  Model  5 shore  wave  recorder  is  the  last  of  a series  of 
wave  recorders  developed  by  the  Wave  Researoh  Laboratory,  University  of  Calif- 
ornia, Berkeley.  It  is  the  one  in  meet  general  use  at  the  present  time.  Units 
have  been  installed  at  several  locations  along  the  Paoifie  Coast  of  the  U.S.,  at 
Guam,  M.I.,  At  Florida,  In  the  Great  Lakes,  at  the  Barbados,  B.  W.I.,  and 
at  Denmark.  Ijetails  are  presented  on  the  desigi  and  manufacture  of  the  under- 
water pressure  head,  the  power  supply  and  the  bridge  unit.  Details  of  aotual 
installation  and  maintenance  of  the  oomplete  units  are  also  given,  as  is  in- 
formation on  the  analysis  of  the  wave  reoords. 

INTRODUCTION 


The  Mark  IX  shore  wave  reo order  system  is  designed  as  a general  purpose 
instrument  for  permanent  installations.  Its  prinoipal  oomponent  is  the  Bourns 
differential  pressure  potentiometer,  whioh  is  used  as  the  unit  transducer.  The 
movement  of  the  pressure-sensitive  brass  fellows  is  magnified  by  a potentiomater- 
conteot  lever  whioh  (in  normal  position  of  tore  differential  pressure)  divides 
the  resistance  of  the  potentiometer  windings  equally.  Variations  of  differen- 
tial pressure  cause  the  potentiometer  contaot  arm  to  move  across  the  potentio- 
meter windings.  The  position  variation  of  the  potentiometer  arm  is  converted 
to  a proportional  current  by  the  bridge  cirouit  and  is  recorded  by  the  re- 
cording milliammeter. 

The  lov.'  impedance  (760  ohms)  and  higi  power  dissipation  (1  watt)  of 
the  transducer  potentiometer  enables  the  pressure  head  to  be  used  with  prac- 
tically any  type  reoorder  available.  An  Esterline-Angus  recording  milliammeter 
connected  in  a 24-volt  Wheatstone  bridge  circuit,  of  which  the  pressure  head 
forms  two  legs,  is  used  by  the  University  of  California  as  a standard  recording 
system.  Other  equipment  has  been  designed  for  use  with  this  system,  including* 
(1)  a telephone  telemetering  system  whioh  provides  telemetering  over  standard 
telephone  oircuits,  (2)  an  ordinate  distribution  analyser  to  provide  automatic 
analyses  of  wave  height  and  (3)  an  amplifier  (now  being  developed)  with  a 
hyperbolic  frequency  characteristic  to  convert  the  pressure  reoord  to  a sur- 
face wave  record. 


GENERAL  DESCRIPTION  CF  THE  COMPLETE  SYSTEM 


A differential-pressure  transducer  was  selected  as  the  basio  component 
arcund  whioh  the  system  was  designed.  This  transducer  (see  Figure  1)  is  built 
by  the  Bourns  Laboratories  located  in  Riverside,  California,  and  can  be  pur- 
chased complete,  with  calibration,  ready  to  be  installed  in  the  pressure  head. 
Th<i  transduoer  oan  be  obtained  with  any  sensitivity  normally  required  in  ocean- 
ographic studies  (full  soale  defleotiors  of  1 to  20  feet  of  •water)  with  lin- 
earity and  resolution  of  one  percent  of  full  scale.  Life  tests  in  the  Bourns 


* This  report  superoedes  a previous  report  on  an  earlier  model  Mark  IX 
(Reference  8) 
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Laboratory  indioated  no  fatigue  or  wear  failure  after  5 million  ovules.  Field  ' 

tests  of  an  instrument  operated  at  Blwood,  California,  for  a period  of  slightly 
greater  than  one  year  also  indioated  the  transducers  have  long  life. 

The  Bourns  transducer,  oalled  a Modal  503  Differential  Pressure  Gage,  is 
inohes  in  diameter  and  2$  inches  in  length  with  two  pressure  inlets  at  one 
end  and  throe  eleotrioal  terminals  at  the  other*  One  pressure  port  oonneots  to 
the  inside  of  a bellows  while  the  second  port  oonneots  to  the  inside  of  the  pres- 
sure-tight oase,  and  therefore,  to  the  outside  of  ths  bellows.  The  bellows  is 
connected  through  a simple  levur  system  to  the  arm  of  a potentiometer,  As  the 
differential  pressure  -varies,  the  arm  is  mowed  along  a resistance  winding  approx- 
imately l/2  inch  in  length.  One  eleotrioal  terminal  is  connected  to  eaoh  end  of 
the  potentiometer  winding  and  one  to  the  potentiometer  arm.  Th,  potentiometer 
is  rated  at  760  ohms  with  1 watt  power  dissipation. 

A brass  casing  houses  the  transducer,  provides  a water-tight  cable  con- 
nection, and  by  means  of  a slow  leak  and  oomplaoent  chamber,  provides  an  average 
or  static  pressure  whioh  is  applied  to  one  pressure  port  of  the  transducer.  The 
second  pressure  port  of  the  transducer  is  oonneoted  direotly  to  the  dynamic 
underwater  pressure  through  a ribber  bellows.  Details  of  the  oomplaoent  chamber 
cable  connection  and  bellows  toe  discussed  under  "Pressure  Head  DaeighS' 

Armored  submarine  cable  is  used  po  connect  the  prsasurs  head  to  the  shore 
recorder  whioh  consists  of  a power  supply,  a Wheatstone  bridge,  0.'  a pen  re- 
corder. Ths  power  supply  can  be  dry  or  wet  cell  batteries  oonneoted  for  a total 
output  of  24  volts,  or  an  eleotronio  power  supply  operated  from  a standard 
110  volts  a-o  or  d-o  power  source*  The  Wheatstone  bridge  is  mounted  in  the  ^ 1 

power  supply  unit-  and  is  a conventional  oirouit  except  for  speoial  calibration 
potentiometers. 

BKBflB  CIHCUI'-’  DESIGH 

The  problem  of  designing  a Wheatstone  bridge  using  a 0. 5-0-0. 5 milli- 
ampare  recording  milliammeter  in  the  galvanometer  circuit  was  primarily  the 
problem  of  selecting  oirouit  constants  that  provided  a reasonable  compromise 
between  the  oonflioting  requirements  of  the  oirouit.  The  requirements  of  the 
oirouit  were  as  follows  1 

a.  The  damping  resistance  of  the  oirouit  should  pot  overd&mp  the  re- 
cording milliamaeter. 

b.  Sufficient  ourrent  should  flow  in  the  legs  of  the  bridge  to  prevent 
errors  greater  than  1 peroent  in  the  reoording  ourrent. 

o.  / minimum  of  power  should  be  supplied  to  the  oirouit  in  order  that 
dry  oell  operation  of  the  bridge  unit  is  praotioal. 

Frequency  response  tests  indioated  that  a damping  resistance  of  not  less 
than  10,000  thms  should  be  oonneoted  across  the  Bsterline-ingus  reoording  mil- 
liammster®  Considering  this  resistance  to  be  entirely  contained  in  the  meters 
series  resistance,  g,  (see  Figure  2)  the  voltage  aoross  the  bridge  had  to  be 
20  volts  or  more.  24  volts  was  seleoted  for  the  bridge  voltage  so  that  four  , 

batteries  of  6 volts  eaoh  oould  be  used  as  a power  source. 

A value  qf  760  ohms  was  seleoted  for  the  resistance  of  the  pressure  head 


J 
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potentiometer  since  the  Kark  in  pressure  head,  which  this  unit  replaces,  con- 
tained a 750  ohm  potentiometer.  Equipment  designed  to  operate  with  the  Uark  III 
pressure  head  therefore  oculd  be  used  with  the  improved  pressure  head  without 
modification.  The  Bourns  Laboratories  designed  a transducer  with  a special 
potentiometer  that  met  these  specifications  (i.e.,  750  ohms,  24-volt,  1-watt). 
Precision  resistors  of  500  ohms  each  were  selected  for  the  remaining  two  legs 
of  the  bridge  oirouit. 

The  equivalent  damping  resistance  and  the  accuracy  with  whioh  the  po- 
sition of  the  potentiometer  arm  is  recorded  by  the  reoording  milliameter  are 
discussed  in  the  following  two  sections  of  this  report. 

Sensitivity  Adjustment i 

Under  actual  operating  conditions  of  the  circuit,  the  exact  resistance  of 
the  pressure  head  potentiometer  will  not  be  750  ohmsi  the  calibration  of  the 
pressure  head  transducer  (ohms  per  foot  of  sea  water)  will  not  be  exactly  the 
desired  values,  and  the  resistance  of  the  submarine  oable  will  vary  from  nearly 
zero  to  several  hundred  ohms  resistance,  depending  upon  the  length  of  cable  re- 
quired. By  adjusting  the  ourrent  in  the  pressure  head  to  a value  of  32  milli- 
amperes,  the  effect  of  the  oable  resistance  was  minimized.  If  a oable  of 
high  resistance  is  used,  the  voltage  across  the  bridge  is  increased,  maintain- 
ing the  32-nilliampere  ourrent  so  that  24  volts  always  appears  across  the 
750-ohm  pressure  head  potentiometer.  By  adjusting  the  resistance  in  series 
with  the  recording  milliameter  so  that  full  soale  ourrent  will  flow  at  the 
desired  full  scale  differential  water  pressure,  the  variations  in  potentiometer 
‘ resistance  and  transducer  calibration  can  be  compensated.  The  method  of  making 

these  adjustments  and  the  error  of  the  adjusted  oirouit  is  as  fbllowsi 

. The  ourrent  that  flows  in  the  Ester  line- An gu3  recorder  is  given  by  the 

general  bridge  equation 

IEA.S 

where  a,  b,  o,  and  d,  g are  the  oirouit  resistance  defined  in  the  simplified 
diagram  (see  figure  2)  and  E is  the  applied  voltage. 

Reducing  the  equation  to  eliminate  b,d,  and  B V;/  substituting  the  con- 
ditions of  the  oirouit  (see  Figure  3)  a * b,  E * Ip(o  + d)  and  d = (o  + d)-c, 
an  equation  involving  the  known  constants  of  -the  oirouit  Ip,  a,  g,  and  (c  + d) 
and  the  independent  variable,  o can  be  formed. 


Sinoe  the  potentiometer  arm  is  at  the  aid^position  of  the  potentiometer 
when  zero  pressure  is  applied  to  the  pressure  head,  the  independent  variable  is 
usually  thought  of  as  the  displacement  of  the  potentiometer  arm  from  this  po- 
sition. Let  y be  the  resistance  between  the  zero  pressure  position  of  the  arm 
and  the  position  of  the  arm  when  a pressure,  p,  is  applied  to  the  pressure 


(3) 
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= 1 - 


where  a is  the  per  unit  displacement  (with  respect  to  tho  oirouit  oonstant 

of  the  potentiometer  arm.  The  independent  variable  now  can  be  expressed 
in  terms  of  the  per  unit  deflection  of  the  arm  and  the  resistance  (o  + d) 
c - «±i-  (l  - a)  (6) 


o+d 


2 0+1 


A further  condition  of  the  oirouit  is  that  full  scale  current  will  flow  in  the 
reoording  millianmeter  when  the  deflection  of  the  potentiometer  arm  is  equal 
to  some  value,  a - Kj  the  circuit  will  be  adjusted  so  that  a given  pressure 
will  cause  the  recorder  to  register  full  scale.  The  system  will  then  be  cali- 
brated and  the  chart  width  will  represent  a lenown  total  pressure  variation. 

The  necessary  resistance  of  the  reoording  oirouit,  g,  to  satisfy  the 
condition  that  full  scale  ourrent,  * 0.5  x 10-3  emperes,  will  flow  when 

the  potentiometer  arm  is  in  the  position  Of  - K and  the  impressed  voltage  is  such 
that  Ip  * 52  milliamperes.  can  be  found  from  Equation  (6)i 

, 32  • 10“3  K '^7^ 


0.5  • 10 


c + d _2  e 


a 

+ z + K 


g = 64  K 


o + d o 

— r~  + k 


o + d a . . 

~T~  - ? • (8) 


The  values  of  the  constants  in  Equation  (8)  oan  be  defined  in  berms  of 
the  lenown  oirouit  values  as  follows  i 

(1)  o + d * Rp  + 2 RQ  (9) 

Rp  = resistanoe  of  the  Bourns  potentiometer  ohms 

R0  “ resistance  of  oable  between  the  bridge  and  the 
pressure  head;  ohms/oonductor. 

(z)  a s resistance  of  the  fixed  leg  of  the  bridge  - 500  ohms 

o-  = y f • s. 

K ~T+T”  (10) 

T 

where  resistanoe  between  the  sero  setting  position  of 

the  potentiometer  arm  and  the  full  scale  position 


*f.S. 


cd 


where  Rp  z total  resistanoe  of  the  Bourns  potentiometer 


C.5  - sensitivity  of  the  Bourns  potentiometer  in  feet  of  watyx 
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Cd  = desired  full  scale  calibration  of  the  chart  in  feet  of  water. 


K 

y 


can  also  be  computed  directly  by  substituting  the  formula  for 


f • 

K * 


Equation  (4.)  in  the  equation  for  K,  Equation  (3). 
Rp  Cd_ 

o -I-  d Cp 


(12) 


Knowing  the  oorreot  resistance  of  the  recording  oirouit,  g,  as  oomputed  by 
Equation  8,  the  resistance  of  .the  "sensitivity  potentiometers*  can  be  computed 
as  follows 


RLOW  “ slow  " 16,000  - R0  - R&A.. 


(13) 


where  R^,-^  b resistanoe  of  the  low  sensitivity  potentiometer  in  ohms 
Re  = resistance  of  the  cable  between  the  bridge  and  the 
proaau^b  head  in  ohms/oonduotor 

^SA..  ■ resistanoe  of  the  Esterline  An^n-*  reoorder  in  ohms 
g = total  required  resistanoe  as  in  Equation  (8) 
ldPOO  ■ fixed  resistanoe  in  the  oirouit. 


Sinos  the  dial  is  calibrated  in  100  divisions  and  the  total  resistanoe  of 
the  potentiometer  is  10,000  ohms,  the  dial  setting  on  the  low  sensitivity  range 

18  Hr™ 

jLi  OFT 

D.S.  (low)  = 1^7000“  100  * (1*) 

The  high  sensitivity  dial  is  set  by  computing  g.  Equation  (8),  using  the 
oorreot  "desired  full  scale  calibration*  Cd  in  Equation  (12)  to  compute  K, 
and  using  the  following  equations t 


“ ®hi  “ 6»000  ” R<j  “ 


D.S.  (hi) 


hi 


5,666" 


SEA. 
100  . 


Sample  Calculations  for  Sensitivity  Potentiometer  Settings 


/■> 


Given  values 

Site*  Golden  Gate,  San  Francisco 
Bourns  potentiometer  No.  687 

Cp  = 10.2  feet  sea  water  full  5 Calo 
Rp  = 746  ohms 

Cable  resistance  1 K = 10  ohms /conductor 

W / 

Esterline  Angus  resistnaoe  s 1325  ohms 

Desired  Calibration j Cd  (low)  » 10  ft.  (±5  ft.) 

Cd  (high)  : 5 ft.  (±2.6  ft.) 


Low  sensitivity  dial  setting 


(1) 

0 + d 

(2) 

a 

(3) 

K].0W 

(4) 

®low 

R + 2 R0  = 746  + 2(10)  = "66  ohms 
5D0  ohms 

R~  cd 


(Tftr 


0 +d 
64X 


+K 


746 
766 
c + d 


10 

10.2 
0 + d _ a 
4 2 


.955 


64(0.955)  L + (0.955)2  I|i  - 222-  = 23142 


T"“ 


6< 


(®)  ^LOW  “ ®low  “ 15,000  - R0  - Rg^ . 

= 23142  -^15,000  - 10  - 1326  = 6807  ohm 8 
(6)  D,S.  (lew)  « T6^jjgj-  IOC  68.0  divisions 
High  sensitivity  (jlial  settingi 


(1)  o+d 

/o  \ 

\*/  a 

(3)  ^hx 

(4)  ghi 

(5)  %i 

(6)  D.S. 


= R, 


746  ■*■2(10)  = 766  ohmo 


- 500  ohms 

* 2l_  ri  zss — £-  - o.478 

(o+d)  Cp  766  10.2 

O + d 2 0+  d Si'd  .81 

• 64S  -T—  ~ —5 7 

, 64  (0.473)  ^§£  + (0„478)2  — - 2&!L  - 122  = H306  ohms 

* 4 4 2 

= ghl  - 6,000  -R0  - Rg^. 

= 11,306-  6,000  - 10  - 1325  = 3971  ohms 

(hi)  ■ ir§oo  100  = Mow  100  = ^4dlTl8ioas 


Bridge  Clrouit  Rrror 


Substituting  the  value  of  g obtained  from  Equation  (15)  in  Equation  (13) 
the  recording  current  for  any  position  of  the  potentiometer  arm  oa  i be  ex- 
pressed as  a £U notion  of  the  desired  full  s o&le  position  of  the  potentiometer 
arm  and  the  independent  variable,  , which  represents  the  potentiometer  arm 
position 


i 


XE.A.  " 0*a  ’3-°  3 — -g *r  • (16) 

K+Hbnr* 

Assuming  that  the  position  of  the  potentiometer  arm  varies  linearly  with 
differential  pressures,  the  recording  current  should  vary  linearly  with  the 
position  of  the  potentiometer  arm,  a , being  equal  to  0. 5 x 10"®  amperes 
when  a ■ K.  Lotting  be  the  oorreot  recording  current,  we  oan  express 

the  above  as 

i£.a#  = 0o6  • icr3  § . (17) 


The  error  in  the  recording  ourrent,  expressed  as  a percent  of  the  full  soale  our- 


ront,  therefore,  is 
- I 


XE.A. 


10-o 


Eijki.  100 


0.6  • 10"3  - 0.5 


10 


-3 


K + 


u 

zA  - a : 

— rzr* 


0.5  • 10"3 


(18) 


% Error  = £ 1 “ V-Ca/U)2  • (19) 

1 + K — 125— 

The  maximum  error  for  this  oirouit  is  less  than  0.5  percent,  as  shown  in  the 
following  table,  and  therefore  is  unimportant  in  comparison  to  the  uncer- 
tainties of  the  interpretation  of  wave  records. 
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PERCENT  ERROR  AS  A FUNCTION  OF  THE  FULL  SCALE 
CALIBRATION  K AND  THE  POSITION  OF  THE  POTENTIOMETER  ARM 


a 

nr 

K = 0.26 

K - 0.50 

K . 0.7E 

K = 1.00 

0 

«■ 

— 

0 

0 

0 

0.2 

1 'ESm 

0.077 

0.115 

0.157 

0,4 

BBS 

0.134 

0.202 

0.269 

0.6 

0.078 

0.155 
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POWER  SUPPLY  DE3IGN 

Regulated  d-o  voltage  for  operation  of  the  bridge  unit  is  derived  from 
60-oyoie  a-o  input  voltage  by  passing  it  through  a full  wave  reotifier,  a 
choice  input  filter  and  a voltage  regulator  (see  Figure  4). 

Bie  voltage  regulator  is  a series-shunt  type  having  as  a referenoe 
a 22^-volt  battery.  A regulator  oirouit  functions  in  such  a way  as  to  main- 
tain a given  ratio  between  the  output  voltage  and  the  referenoe  voltage. 

The  rsferenoe  battery  operates  without  load  current  and  consequently 
has  a life  equal  to  the  shelf  life  of  the  battery.  A second  battery,  used  as 
a bias  in  the  grid  oirouit  of  the  series  tube,  also  operates  at  aero  load. 

These  batteries  should  be  replaoed  approximately  once  each  six  months  or  when- 
ever the  current  adjustment  oontrol  on  the  front  panel  can  no  longer  bs  set 
to  provide  the  oorrcot  bridge  current. 

The  circuits  of  the  power  supply  and  regulator  are  of  conventional  design 
and  therefore  will  not  be  disoussed  in  regard  to  the  theory  of  operation. 
Several  special  features  have  been  included  in  the  design,  however,  and  these 
details  will  be  disouseed,  as  will  the  various  controls  and  methods  of  oper- 
ation 

Regulation 

Tests  were  oonduoted  to  determine  the  effectiveness  of  tho  regulator 
oirouit.  The  results  of  these  tests  are  shown  in  Figures  E and  6 . The 
operating  range  of  the  regulator  is  shown  in  Figure  5 and  is  indicated  by  the 
area  below  the  6Y6  0=0  bias  (90  v.  a-o  input)  line  and  the  6SH7  zero  bias 
(130  v.  a-o  input)  line,  itfithin  this  area  the  regulator  is  operating;  with 
the  output  of  the  regulator  adjusted  to  24  v.  d-o, regulation  is  obtained 
with  load  ourrents  as  high  as  100  miliiamperes.  Regulation  within  this 
area  was  found  to  be  of  suoh  a degree  that  variation  in  output  voltage  could 
not  be  deteoted  without  a differential  voltmeter.  As  this  regulation  ex- 
oeedsd  the  required  regulation,  no  attempt  was  made  to  determine  the  output 
error  voltages. 

Figure  6 indioates  the  regulation  with  oonstant  ourrent  loads  &&&lnst 
power  line  voltage  variations.  The  output  of  the  regulator  first  was  set 
at  38  volts  (with  leads  of  80  to  180  ma.)  and  the  input  voltage  decreased 
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until  the  regulator  beoame  inoperative.  As  the  output  voltage  decreased,  the 
load  was  adjusted  to  maintain  the  given  load  current.  These  teste  were  then 
repeated  with  the  regulator  output  adjusted  to  24  v.  d-o.  The  output  voltage 
is  shown  as  a straight  line  when  th6  regulator  is  within  the  operating  range 
sinoe  no  differential  voltmeters  were  used. 

These  tests  indioate  that  a wide  range  of  load  ourrents  can  be  supplied 
with  large  variations  In  input  power.  At  the  normal  operating  load  condition 
of  24  v.  d-o  and  56  mllliamperes,  an  extremely  wide  range  of  power  line  volt- 
age (75  v.  a-o  to  130  v.  a-o)  oan  be  regulated.  This  is  desirable  since  many 
shore  sites,  suoh  as  lighthouses,  fishing  piers,  sand  plants  and  oil  piers, 
have  very  poor  voltage  regulation. 

The  power  supply  is  intended  to  be  operated  from  110  v.  a-o,  60-oyole 
power,  but  also  can  be  operated  from  110  v.  d-o  power.  The  power  supply  trans- 
former has  been  built  speoially  so  that  the  input  voltage  to  the  regulator  is 
approximately  110  v.  d-c  with  110  v.  a-o  applied  at  the  power  transformer 
primary.  Thus,  if  only  110  v-  d-o  power  is  available  (as  is  often  the  case  at 
lighthouses,  where  the  gages  are  sometimes  installed)  the  power  line  oan  be 
connected  to  the  input  of  the  regulator  with  minor  changes  in  circuit  wiring, 
and  the  circuit  functions  normally  axoept  for  the  program  timer. 

The  filaments  of  the  regulator  oirouit  tubes  have  been  oonneoted  in 
series  so  that  a minimum  of  power  will  be  dissipated  in  the  necessary  series 
resistor  when  the  circuit  is  operated  from  a 110  v.  d-o  power  souroe.  A 25- 
volt  winding  is  supplied  on  the  power  tranuformer  so  that  the  series  connec- 
tion i3  also  used  when  operating  the  oirouit  from  110  v.  a-q  power. 

Series  connection  of  the  filament  also  has  the  advantage  of  protecting 
the  pressure  head  in  the  case  of  tube  failure.  For  example,  if  the  shunt  tubs 
(6SH7)  should  fail,  the  bias  on  the  series  -cubes  would  be  lost  and  the  output 
voltage  wc ul A With  the  series  filament  oonneotion,  tV»?  shunt  tubes 

also  will  be  made  inoperative  by  failure  of  the  6SH7  filament,  preventing  any 
damage  to  the  bridge  oonneoted  to  the  regulator  output. 

OPERATION  OF  THE  POWER  SUPPLY  AND  BRIDGE 


Ront  Panel  Controls  (Figure  7) 

Sangamo  Timer t The  timer,  driven  by  a self-starting,  «^nchronoui  motor, 
is  connected  directly  aoross  the  a-o  input  line,  hence  it  is  in  continue  '.s 
operation  regardless  of  the  power  switoh  position.  The  programming  dial  oan 
be  seen  through  the  window  provided  in  the  oase.  The  proteotive  case  to1  er 
may  be  removed  for  adjustment  of  the  programming  cams.  Two  cams  are  used  in 
fixing  the  duration  of  the  fast  and  slow  speed  runs.  Eaoh  of  these  cams  has 
four  arms  spaced  90°  apart  to  provide  6-hour  intervals} (other  intervals  may  be 
obtained  by  outting  oams  with  more  or  less  than  the  four  arms)(see  Figure  8). 

The  duration  of  the  fast  run  may  be  fixed  to  a minimum  of  15  minutes  by  oareful 
angular  positioning  of  the  "on"  and  "off"  oams  with  respect  to  eaoh  other. 

They  are  seouroly  clamped  in  plaoe  on  the  shank  of  the  hub  by  a knurled  nut. 

In  addition  to  autom&tio  programing  of  the  ohart  speed,  a manual  speed 
shift  lever  is  provided  whioh  extends  through  a elot  in  the  cover  of  the 
timer.  This  lever  will  shift  the  ohart  to  the  fast  speed  during  any  portion  of 
the  slow  speed  interval  for  additional  fast  sampling  during  storm  periods.  This 
lever  should  not  be  operated  if  the  next  fast-speed  run  is  scheduled  in  less 
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than  two  hours  (minimum  off  time,  2 hours). 

'rh.e  dial  of  the  timer  may  be  set  for  tht>  time  of  day  by  rotating  it 
clockwise  until  the  correct  time  is  align.,.!  «ith  che  red  pointer  located 
just  below  the  dial. 

Power  Switch;  With  the  power  switch  open,  the  only  element  in  operation 
is  the  Sangamo  timer.  The  rest  of  the  circuit  ia  inoperative  including  the 
chart  movement,  the  power  to  the  measuring  circuit,  the  shift  mechanism  and 
the  warning  circuit.  Tffhen  the  power  switch  is  closed,  the  unit  will  operate 
according  to  the  programming  selected  (see  "Programming  Switches"). 

Selector  Switoh;  The  Model  III  bridge  and  power  supply  unit  provides 
for  two  pressure  heads  installed  at  different  locations,  or  at  the  same  lo- 
cation with  one  unit  as  a stand-by.  Either  pressure  head  may  be  operated  in- 
dividually, The  selector  switoh  is  provided  to  bring  one  unit  or  the  other 
into  the  bridge  circuit.  The  two  pressure  heads  (ii  two  are  used)  are  wired 
to  the  bridge  circuit  with  one  conductor  common. 

Bridge  Current  Control*  To  adjust  the  bridge  current,  the  potentiometer 
ocntrol  knob  is  turned  (5w"for  increasing,  "ocw"  for  decreasing)  until  the 
bridge  current  is  32  m&.  Oie  bridge  milli&mmefc**  is  located  just  above  this 
potentiometer  control  knob  on  the  front  panel.  The  purpose  of  this  adjust- 
ment is  to  provide  ihe  correct  current  in  the  Bourns  differential  pressure 
potentiometer.  The  output  voltage  to  the  bridge  circuit  is  made  sufficient 
by  the  above  adjustment  to  compensate  for  the  line  drop  in  the  cable  from  the 
bridge  to  the  pressure  head.  The  "current  adjustment"  is  actually  an  adjustment 
of  the  regulated  d-o  output  voltage  of  the  regulator. 

Sensitivity  Switch*  Two  measuring  sensitivities  are  built  into  the  bridg6 
oirouiTI  The  range  switoh  may  be  placed  in  either  of  two  positions  corres- 
ponding to  higji  or  low  sensitivity. 

Chassis  Controls  (Figure  9) 

Sensitivity  Adjustment*  As  seen  in  the  circuit  diagram.  Figure  4,  po- 
tentiometers  are  connected  in  series  with  the  range  switch.  The  purpose, 
location  and  application  of  these  potentiometers  are  given  below.  Hereafter, 
their  operation  will  be  referred  to  as  sensitivity  adjustments. 

The  dial-skirt  knobs  connected  to  the  sensitivity  adjustment  potentio- 
meters are  located  within  the  Bridge  and  Power  supply  cabinet.  E|y  varying 
the  resistance  in  series  with  the  range  resistors,  fine  adjustments  are  made 
to  correct  for*  (a)  the  change  in  sensitivity  of  the  bellows-potentiometer 
transducer  due  to  the  air  dome  errpr,  and  (b)  variations  in  the  manufacturer's 
specification  of  -the  potentiometer.  The  setting  of  the  sensitivity  adjustments 
has  been  discussed  under  that  seotion  "Bridge  Circuit  Desigi".  A method  of 
calculating  the  dial  setting  for  the  conditions  of  the  installation  was  pre- 
sented in  this  seotion. 

The  advantage  of  this  adjustment  is  that  regardless  of  depth  of  in- 
stallation, potentiometer  resistance,  transducer  calibration, and  cable  re- 
sistance, full  scale  calibration  of  ± b-f oot  and  +10-foot  pressure  variation 
p oan  be  obtained.  There  will  be  slight  variations  in  the  oorreob  sensitivity 

netting  caused  by  variable  tides,  but  this  error  is  well  below  the  expected 
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experimental  error  in  analysis  of  the  subsurface  pressure  records. 

Programming  Switches*  These  switohac  ave  located  within  the  cabinet. 

Switoh  is  the  power  programming  switch,  and  Switch  S2  is  the  chart  drive  m-o- 

a.  Hormal  pro  camming  1 In  "normal"  programming,  the  Sengamo  timer  ac- 
tuates only  the  magnetic  speed  shift  of  the  reoorder  chart  drive. 

With  the  Sg  switch  in  position  "N",  power  is  being  supplied  to  the 
bridge  circuit  continuously  as  shoiim  in  Figure  4,  The  resulting 
reoord  consists  of  a series  of  fast  speed  and  slow  speed  intervals 
showing  the  time  history  of  the  wave  action  during  both  speeds,  ks 
mentioned  before,  the  time  durations  of  -these  fast  chart  speed  runs 
and  slow  chart  speed  runs  depend  upon  the  positioning  of  the  timer 
oams  in  the  Sangamo  timer. 

b.  Power  programming  with  continuous  ohart  movement « The  power  is 
programmed  in  that  It  is  being  supplied  to  the  measuring  circuits 
during  the  fast  speed  portion  of  the  reoord  only.  The  reoord  ob- 
tained using  the  power  programming  with  oontinuous  chart  movement 

is  satisfactory  for  determining  wave  height  and  period,  but  uoes  not 
enable  a determination  of  storm  arrivals. 

Normally,  a complete  and  oontinuous  record  is  desired  for  analy- 
sis purposes.  Formerly,  the  reason  for  this  type  of  programming  was 
to  extend  the  life  of  the  potentiometers  used  in  the  Hark  III  type 
pressure  gages,  This  was  accomplished  by  shutting  off  the  power  to 
the  potentiometer  and  allowing  the  contact  arm  to  wipe,  the  windings 
"clean".  The  potentiometer  used  in  the  Hark  IX  is  a more  rugged  model 
than  the  one  used  in  the  Hark  III,  and  this  procedure  should  not  be 
necessary  solely  for  attempting  to  extend  the  life  of  the  potentiometer. 

The  switching  neoessary  to  effect  this  type  of  programming  is  as 
follows*  S^is  placed  in  position  "p*  so  that  the  power  will  be  sup- 
plied to  the  bridge  circuit  according  to  the  timer  sohedulej  Sg  is 
placed  in  position  "N"  which  gives  continuous  chart  movement  (when 
the  main  power  switch  is  on).  The  resulting  record  oonsists  of  a 
series  of  fast  ohart  speed  intervals  with  the  reoorded  time  history 
of  the  wave  action.  During  the  slow  ohart  speed  portion,  a straight 
line  appears  oentered  on  the  ohart  reoord. 

c.  Power  programming  with  discontinuous  chart  movement*  This  alterna- 
tive method  of  programming  is  essentially  the  seme  as  the  one  men- 
tioned above  exoept  that  the  olook  ohart  drive  is  also  programmed. 

The  ohart  is  driven  only  during  the  fast  speed  interval.  The  switch 
ing  neoessary  to  effect  this  type  of  programming  is  as  fbllowsi  The 
Switch  Si  is  plaoed  in  position  "P",  Switch  S2  in  position  "P".  The 
reoord  oonsists  of  a series  of  fast  speed  runs  giving  the  time 
history  of  the  wave  aotion  during  this  period  only. 


SWITCHING  SUMMARY  OF  RECORD  PROGRAMING  METHODS 
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Fuss s i As  noted  in  the  circuit  diagram,  one  2-amp.  and  three  l/16-amp. 

fuses  provide  overload  proteotion.  The  2-amp  fuse  provides  protection  to  the 
input  circuit,  and  the  l/l6-amp  fuses,  located  in  each  line  of  the  bridge  cir- 
cuit, pr  p?.  -'  t an*  :.mi  ko  t’m  u x ru.-<s  hsac.. 

Terminal  Board  Wiring  ( Figure  7) 

All  external  oonneotions  to  the  bridge  and  power  supply  arc  made  on  the 
main  terminal  board  at  the  bade  of  the  cabinet#  Fivo  terminals  are  provided 
for  the  pressure  head  cables  with  the  lead  common.  The  preesure  head's 
fusite  terminals  are  stamped  with  * 4."  and  and  "CT*  (Center  Tap)  so  that 
with  odor  coded  submarine  oable  there  should  be  little  confusion  in  making 
the  correct  oonneotions  between  the  pressure  heads  and  the  bridge  unit. 

Two  other  sets  of  terminals  include  the  plus  and  minis  recorder  terminals 
connected  to  corresponding  binding  posts  on  the  Esterline-Angus  recorder,  and 
the  auxiliary  24-volt  d-c  terminals.  The  latter  may  he  used  in  either  of  two 
situational 

a.  In  case  of  unavailability  or  failupe  of  a-o  power  source,  the 
bridge  po#*r  may  be  supplied  by  dry  cell  batteries.  The  only  drain 
on  the  battery  supply  would  be  the  total  bridge  ourront  (56  ma.). 

Ihen  batteries  are  used,  the  regulator  circuit  is  inoperative,  sinoe 
the  fi laments  of  the  tubes  are  not  being  supplied  with  power. 

b.  It  may  be  desirable  to  use  additional  capacity  of  the  power  supply 
to  operate  a complementary  instrument  (suoh  as  the  direotion  iixdi-; 
oator).  Current  may  bo  drawn  from  the  power  supply  through  these 
oonneotions  (100  ma.  maximum),  in  addition  to  that  required  by  the 
pressure  head. 

The  shift,  dock  and  a-o  oonsnon  terminals  are  connected  to  corresponding 
terminals  on  tho  Estorline-Angu3  recorder  with  an  a-o  common  connection  to  one 
post  of  eaoh  oirouit. 


ESTERLIHE-AN GUS  RECORDER 


The  instrument  used  to  construct  a graphic  record  is  the  Esterline-Angus 
recording  milliammeter.  The  metering  element  of  this  instrument  is  a perma- 
nent magnet,  moving-coil  type.  The  instrument  is  housed  in  a portable  oase. 
The  writing  pen  is  supplied  with  ink  fed  to  the  point  by  capillary  action.  A 
center  calibration  is  used,  the  range  being  plus  and  minus  0.5  milli- 

amperes. 

Standard  chart  drives  are  available  as  follows j 

a.  Slow  and  rapid  speed  8-day  spring  dock  giving  all  speedst  3/4,  1^, 
3,  6 and  12  inches  per  hour  and  inohes  per  minute. 

b.  Slow  and  rapid  speed  synchronous  motor  clock  giving  all  chart  speeds 
3/4,  1^-,  5,  6 and  12  inohes  per  hour  and  inches  per  minute. 

For  use  in  oonjunotion  with  an  automatic  programming  timer,  a magnetic 
gear  shift  can  be  obtained  to  change  ohart  speed.  With  this  devioe,  the  shift 
from  hourly  speeds  to  minute  speeds  and  vioe  versa  may  be  controlled 
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automatically  according  to  the  programming  schedule.  In  addition  to  the  magnetio 
■rear  shift,  a manual  control  is  aval  lab]  a for  shifting  t.h*>  ohert 


Frequency  Response 


In  the  standard  Eater line -An gus  recorder  the  metal  bobbin  on  whioh  the 
moving  ooil  is  wound  is  constructed  to  not  as  a shorted  turn  and  o&use  the 
instrument  to  be  critically  damped.  Connecting  any  erternal  oirouit  to  the 
recorder  further  increases  the  damping  with  the  result  that  the  high  fre- 
quencies are  attenuated.  At  a very  nominal  extra  oost,  Esterline-Angus  recor- 
ders oan  be  purchased  with  speoial  higji  resistanoe  bobbins  made  of  niokel-silver 
which  oause  the  reoorders  to  be  underdamped.  These  speoial  recorders  beoame 
critically  damped  when  shunted  with  a resistanoe  of  15,000  ohms. 


The  damping  resistanoe  of  the  bridge  oirouit  is  for  all  practical  pur- 
poses the  resistance  of  the  galvanometer  series  resistanoe,  g,  as  defined  in 
Figure  2.  Examination  ~>€  the  oirouit  diagram  shown  in  Figure  3 indicates 
this  resistance  will  vary  between  12,00u  ohms  and  24,000  ohms  for  the  various 
operating  oonditions  of  the  oirouit.  The  frequency  response  of  both  the  standard 
and  the  speoial  type  reoorders,  therefore,  was  measured  to  determine  the  recor- 
der error  at  various  frequencies.  The  results  of  these  tests  are  shown  in 
Figure  10. 

Since  the  shortest  period  normally  encountered  in  ooean  wave  measurements 
is  about  5 seconds  and  the  average  period  is  normally  between  fi  and  15  seconds, 
the  frequency  response  of  either  the  speoial  or  standard  reoorder  with  damping 
between  12,000  ohms  and  24,000  ohms  is  satisfactory.  However,  if  the  reoorder 
is  used  to  reoord  waves  of  shorter  period,  such  '■s  in  lakes,  special  considera- 
tion must  be  given  to  the  damping  of  the  reoorder.  In  this  case  only  the 
speoial  reoorder  oan  be  used«  If  an  optimum  damping  resistance  is  connected  to 
the  reoorder,  wave  periods  as  short  as  1.5  seoonds  per  oyole  oan  be  reoorded 
with  little  error. 


BRIDGE  UNIT  FCR  SPEEDOMAX  RECORDER 


One  advantage  of  the  Nark  IX  pressure  head  is  that  it  oan  be  adapted  for 
use  with  any  standard  recorder.  By  connecting  the  potentiometer  in  a bridge 
oirouit  with  low  voltage  applied  ( 10  millivolts,  approximately),  standard 
thermocouple  recorders,  or  milli voltmeters,  suoh  as  the  Speedomax  or  Brown 
recorder  can  b6  used. 


One  such  modification  was  made  for  a Speedomax  with  a +5,  0S  -5  millivolt 
range.  The  circuit  diagram  is  shown  in  Figure  11,  together  with  the  necessary 
mounting  bracket  and  other  small  modifying  parts.  A photograph  of  the  unit 
also  can  be  seen  in  Figure  11. 

UNDERWATER  HIES SURE  HEAD 


The  Hark  IX  differential  pressure  gage  is  one  of  several  underwater-type 
instruments  that  have  been  designed  to  measure  wave  heights  by  recording  sub- 
surface pressure  fluctuations.  The  Hark  IX.  Model  5 is  essentially  a modifi- 
cation of  the  Mark  III'®'  instrument  which  has  been  used  by  the  University  of 
California  since  1947.  The  Mark  IX  employs  a potentiometer  coupled  to  a 
pressure-sensitive  brass  bellows  as  the  eleotro-meohanioal  transducer  that 
translates  subsurface  pressure  fluctuations  into  a proportional  ourrent  that 
oan  be  reoorded  by  conventional  rooording  milliammeters.  The  manufacturing 

” 1 9 Superscript  numbers  in  parentheses  refer  to  References  at  end  of  report. 
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and  assembly  drawings  are  appended  (Appendix  II). 
Pressure  Potentiometer 


ine  principal  component  oi  cue  Uark.  1 '£  is  th«  Bou,na  dif  vWuniiui  pressure 
potentiometer,  whioh  is  employed  as  the  unit  transducer.  The  movement  of  the 
pressure-sensitive  brass  bellows,  contained  within  the  potentiometer  case,  is 
magnified  by  a potentiometer-contact  lever  which, in  the  normal  position  of  zero 
differential  pressure,  divides  the  resistance  of  the  potentiometer  windings 
equally.  Variations  of  differential  pressure  cause  the  potentiometer  oontaot 
arm  to  move  aoross  the  potentiometer  windings.  The  variation  of  position  of  the 
potentiometer  arm  is  converted  to  a proportional  ourrent  by  the  bridge  oirouit 
and  rooorded  by  the  recording  milliaaaeter .' 

Pressure  Head  Construction! 

The  potentiometer  chamber  acts  as  a water  tight  inoasement  surrounding 
the  potentiometer  unito  A silver  soldered  separation  diso,  provided  with  Fusite 
hermetically-sealed  terminals,  divides  the  connection  chamber  and  the  potentiometer 
chamber.  The  lower  flange  of  the  potentiometer  chamber  is  sealed  against  sur- 
rounding water  pressure  by  an  O-ring  gasket. 

When  the  instrument  is  submerged  in  a given  depth  of  water,  the  static 
pressure  at  this  level  will  aot  on  the  rubber  bellowe  olampod  on  the  shoulder 
provided  on  the  bottom  of  the  mounting  flange.  The  rubber  bellows  are  filled  with 
a silioone  fluid  (DC  200)  and  this  fluid  is  foroed  to  flow  through* two  inlets  to 
the  potentiometer  chamber • 

The  first  of  these  inlets  is  fitted  with  a "slow  leak"  that  restricts  the 
flow  of  silioone  fluid.  Normally  the  screw  is  adjusted  so  that  the  time  oonstant 
of  flow  into  the  transducer  is  about  one  minute  (see  air  dome  calculations). 

When  the  unit  is  installed  in  the  sea,  fluid  will  flow  from  between  the  rubber 
bellows  and  the  transducer  chamber  until  the  pressure  within  the  chamber  is 
equal  to  the  average  pressure  of  the  sea.  The  pressure  of  the  air  in  the  cham- 
ber aots  on  the  inside  of  the  bellows  in  the  transducer. 


The  seoond  inlet  is  connected  directly  to  the  outside  of  the  transducer 
bellows  with  no  impediment  to  the  flow  of  fluid  from  the  rubber  bellowe.  The 
dynssic  pressure  caused  by  the  action,  in  addition  tc  the  static  pressure  of  the 
sea,  therefore  aots  on  the  outside  of  the  transducer  bellows.  The  difference 
in  the  pressures  on  the  two  sides  of  the  bellows  (the  dynamic  pressure  fluctua- 
tion caused  by  wave  aotion)  onuses  the  bellows  to  be  displaced. 


Cable  Conneotiom  The  eleotrioal  oable  is  connected  to  the  instrument 
in  a chamber  located  at  the  top  of  the  pressure  head.  Since  the  inside  <5f  the 
eleotrioal  oable  is  at  atmospherio  pressure,  the  shore  e^nd  being  open  to  the 
atmosphere,  the  - connection  chamber  will  also  be  at  atmospheric  pressure.  !Dle 
ohamber,  therefore,  must  be  sealed  against  the  pressure  of  the  sea.  Standard 
packing  glands  were  found  to  be  unsatisfactory  as  pressure  seals  when  an  in- 
strument was  to  be  installed  for  long  periods  of  time,  due  to  the  plastio  flow 
of  the  usual  synthaLlw  rubbers  in  the  oable.  A cable  oonneotion,  therefore, 
was  developed  whioh  has  a olamping  ring  inside  the  oonneotion  ohamber  for  me- 
chanical strength,  and  a rubber  tape  seal  between  a smooth  oable  nipple  and 
the  eleotrioal  oable  external  to  the  ohamber.  Tape  seals  of  this  type  have 
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been  found  to  be  satisfactory  for  periods  of  two  years. 

Transducer  Mounting!  The  Bourns  transducer  has  been  mounted  in  the 
pressure  head  with  the  inlet  ports  at  the  top.  Ifith  the  transducer  installed 
in  this  position,  the  unit  can.  be  filled  with  fluid  to  oool  anc'  lubricate  the 
potentiometer.  The  transduoer  is  filled  with  fluid  by  opening  the  transducer 
case  before  the  transduoer  is  installed  in  the  pressure  head.  It  is  not  neoes- 
aary  to  completely  fill  the  transduoer  or  the  pipe  leading  to  the  tr&nsduodr, 
sinoe  it  is  neoossary  that  the  fluid  cower  only  the  potentiometer  winding. 

Fusite  Insulator  si  The  fusite  insulators  whioh  px*ovide  a pressure 
tight  electrical  oonneotion  between  the  oable  oonneotion  ohambcr  and  the  trans- 
ducer chamber  were  counted  in  soft  oopper  pedestals.  This  prevents  the  glass 
seals  from  breaking  during  the  soldering  operation  when  assembling  the  unit-. 

Rubber  Bellows  Chamber;  An  "0"ring  seal  has  been  provided  in  the  flange 
of  the  rubber  bellows  chamber  so  that  the  rubber  bellows  ohsaber  can  be  pres- 
surised for  calibration  purposes.  A simple  plate  with  a gasket  seal  and  ap- 
propriate fittings  can  be  clamped  against  the  bottom  of  the  ohambcr  by  bolts 
through  the  mounting  flange  for  this  operation. 

The  inside  of  the  rubber  bellows  chamber  has  been  so  shaped  and  di- 
mensioned that  the  rubber  bellows  can  be  pressurised  before  installation. 

Slow  Leak<  A loose  fitting  screw  in  a tapped  pipe  plug  is  used  as 
a alow  leak  in  preferenoe  to  a capillary  tube*.  The  sorew  type  leak  cannot  be 
plugged  from  dirt  and  foreign  partioles  in  the  fluid  as  readily  as  the  single 
hole  of  a capillary  tube. 

Tilt  Indicator i A tilt  indicator  has  been  installed  in  the  oon- 
neotion chamber  as  a safety  feature.  The  pressure  head  will  operate  satis- 
factorily at  moderately  large  angles  of  tilt,  but  will  not  operate  properly 
if  the  fluid  in  the  transducer  chamber  does  not  oover  the  slow  leak.  The 
primary  purpose  of  the  tilt  indicator  :'.s  to  indicate  whether  the  tripod  is 
upset  during  installation,  which  would  cause  the  instrument  to  lay  on  its  side. 

— ’ ■ n i An  air  space  is  necessary  in  the  transduoer  chamber 

to  prevent  hydraulic  looking  of  the  transduoer  bellows, and  a sufficient  air  woltne 
must  be  provided  to  prevent  exoessiVe  pressure  variation  of  the  air  volume  duo 
to  variation  in  volume  of  the  transduoer  bellows.  As  the  bellows  is  deflected, 
its  volume  must  neoessarily  vary  in  order  that  work  be  done  on  the  system*  this 
variation  in  bellows  volume  oauses  an  equal  variation  in  air  dome  volume.  The 
variation  in  air  dome  volume  in  turn  oauses  a pressure  variation  of  the  air  vol- 
ume that  opposes  the  dynamio  pressure  variation  oausihg  the  bellows  to  be  dis- 
placed and  thereby  reduoes  the  sensitivity  of  ths  instrument. 

Assuming  that  a negligible  flow  of  fluid  through  the  slow  leak  ooours  dur- 
ing the  relatively  short  period  of  ths  wave  generated  pressure  f luotuations , the 
differential  pressure  aoross  the  bellows  is  equal  to  the  instantaneous  sea  pres- 
sure less  the  instantaneous  air  volume  pressure. 

(P+ftr  ) “ (P  + Pa)  s Pw  - Pa  (20) 

where  P ■ average  absolute  water  pressure  at  instrument 
1^.  = hydrodynamic  pressure  of  waves 

Pa  z pressure  in  the  air  dome  due  to  the  transduoer  bellows  ex- 
panding. 
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The  displacement  of  the  bellows  and  the  reading  of  the  instrument  is 
proportional  to  the  differential  pressure  aoross  the  bellows,  while  the  oorreot 
reading  is  proportional  to  pw  . The  per  unit  instrument  error  is,  therefore. 


E = Pw  -(Pw  -Pa)  = Pa 

Pw  Pw 


(21) 


The  change  in  volume  of  the  transducer  bellows,  which  is  equal  to  the 
volume  change  of  the  air  volume  . v&(  is  a function  of  the  differential  pressure 
aoross  the  bellows  and  the  bellows  spring  oonstant 


va  s °1  (Pw  ”Pa)  s OjP^l-E)  # 


(22) 


Also  the  pressure  change,  pa,  and  the  bellows  volume  ohange,  va,  are 
related  by  the  gas  law  and  can  be  expressed  to  -tii6  first  approximation  as 


n v. 


FFS-  =(“T*“)n  a 1 - 

where  n,  is  -the  polytropio  expansion  component.  How 

T = 1 _Pft 
a n Pa  P 

and  equating  Equation  (22)  and  Equation  (24),  we  hr'- 
°1  Pw  (1-B)  * | 


(23) 

(24) 
(26) 


Equation  25  oan  be  solved  for  the  instrument  error  as  a function  of  the  bel- 
lows spring  oonstant  and  the  pressure  and  volume  of  the  air. 

E a ^ l (26) 


asojming  P + pa  = p, 

T uh6  XX  pressure  head  the 


r'Vjsn  of  the  air  space  cannot  be  less 


than  11  cubic  inches  nor  creator  than  22  oubio  inches,  with  an  optimum  working 
volume  of  17  cubio  inohes  (see  Pressurisation  of  the  Pressure  Head).  The 
± 3.3  psi  ( ± 7.6  feet  of  sea  water)  Bourns  transducer  bellows  expands  0.1 
oubio  inohes  for  full  deflection  and  therefore  has  a spring  oonstant  of  0.1/7.6 
oubio  inohes  per  foot  of  sea  water  pressure.  Further,  assuming  n to  be  equal 
to  unity  for  the  long  period  pressure  fluctuations  of  the  waves,  the  instrument 
error  oan  be  oaloulated  for  the  normal  working  depths. 

K=  7+T3Z: — • 


a 
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For  c = 0.1/7. 5'  s 0.0133  ou.  in/ft  of  water  V * 11,  17,  22  ou.in. 


Depth  of 

Absolute 

Peroent  decrease  in  sensitivity 

instrument 
in  feet 

Pressure, 
ft.  of  water 

E 11 

e17 



®22 

0 

33 

3.8 

1.9 

25 

58 

6.5 

3.4 

50 

88 

10.6 

6.4 

5.1 

75 

108 

11.6 

7.8 

6.1 

ICO 

133 

13.8 

9.4 

mm 

The  decrease  la  sensitivity  of  the  pressure  head  can  be  compensated  by 
adjusting  the  sensitivity  controls  (see  Adjustment  of  Sensitivity  Controls)  for 
a correspondingly  greater  sensitivity.  The  oorreotion  can  be  made  by  assuming 
the  Bourns  pressure  transducer  to  be  correspondingly  less  sensitive  when  cal- 
culating the  sensitivity  control  settings.  Thus  if  a transducer  with  a sensi- 
tivity of  750  ohms/15  feet  of  water  is  to  be  installed  in  50  feet  of  water,  a 
sensitivity  of  750  ohms/l.064  x 15  ft.  would  be  used  in  the  calculations. 
Regardless  of  the  final  volume  of  the  air  dome , within  the  working  range  of  the 
bellows  the  recorder  sensitivity  will  be  oorreot  within  a few  percent. 

Slow  Leak  Design 

The  purpose  of  the  slow  leak  is  to  seal  the  air 
chamber  against  tne  pressure  fluctuations  generated  by  the  waves,  but  at  the 
same  time  to  allow  a sufficiently  rapid  flow  into  and  out  of  the  air  chamber 
to  prevent  the  instrument  from  recording  tides.  Considering  viscous  friction 
as  the  only  factor  restricting  flow,  the  flow  of  fluid  through  the  slow  leak 
is  proportional  to  the  pressure  across  itj  that  is, 


where 


d q _ . 

TT~  " °2  (Pw  - Pa) 

q - quantity  of  fluid  in  the  aif  dome  (in.3) 
og  = slow  leak  constant  ( ) 

pw  ■ pressure  of  the  water  (psi) 
pa  * pressure  in  the  air  dams  (psi) 
t - time  (sec.)  . 


(27) 


If  the  pressure  head  has  been  pressurised  according  to  the  procedure  out- 
lined in  "Rressurisation  of  t'no  Pressure  Head"  of  this  report,  the  air  volume  in 
the  transducer  chambers,  V,  will  be  17  cubic  inches  with  the  instrument  installed 
in  the  sea.  The  absolute  pressure  in  the  chamber,  P,  will  be  equal  to  the  ab- 
solute pressure  of  the  water, and  a quantity,  of  fluid,  q,  will  have  been  foroed 
into  the  ohamber.  If  an  additional  quantity  of  fluid,  q,  is  foroed  into  the 
chamber^  the  pressure  in  the  ohamber  will  be 


Pa 


P V 

V-q  • 


(26) 
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Therefore 

q a T 


end  Equation  (2?)  oan  be  written 


(29) 

(80) 


2 ^ . .2  (».  - ,.)•  (51) 

A general  solution  of  Equation  (31)  oaanot  be  found  easily  but  the 
special  case  which  oovers  the  normal  operating  conditions  of  the  instrument  oan 
be  sol-red  readily*  la  this  special  oase  the  assumption  is  aade  that  the 
pressure  fluctuation  in  the  transducer  chamber  is  small  relative  to  the  pressure 
fluctuation  in  the  sea  due  to  wave  aotion,  and  therefore  ths  fluctuation  in  the 
ohaaber  is  very  saall  relative  to  average  pressure.  The  pressure*  pa* 
then  oan  be  assumed  equal  to  P and  Equation  (31)  oan  be  written 
V do 

“art  = Pw  ' Pa  • , (52) 

If 1 * * *  5 P + p'  sin  where  F is  the  average  pressure  and  p'sin 

is  the  pressure  fluctuation  due  to  ooean  waves  of  period* T , Equation  (52)  oan 
be  solved  for  the  response  of  the  instrument  whioh  ie  equal  to 

H=  r.oord.d  by  th.  ln.trM.,t 

Actual  pressure  variation  due  to  wave  action 

1 V 

R = /-  - ===  where  tD  ■ (33) 

v1  + (Tr^o) 

The  above  results  oan  be  obtained  by  assuming  that  the  pressure  head 
oan  be  replaoed  by  the  equivalent  eleotrioal  oirouit 


o- 


Air  'wtiume 
Copoclty 

II 

C 


SEA  PRESSURE 


O 


Slow  Leak 
Resistance 


RECORDED  PRESSURE 


-O 


Several  interesting  oonolusions  oan  be  made  from  the  above  results,  as 

follow i 

(1)  The  slow  lea]c  oan  be  adjusted  for  a greater  rate  of  flow  than  would  be 
intuitively  thought  possible.  The  time  constant  of  the  instrument  oan 

be  adjusted  to  be  equal  to  the  longest  wave  period  to  be  reoorded  without 
loss  of  sensitivity.  This  means  that  normally  tQ  * T/ogP  oan  be  ad- 
justed as  low  as  15  seoonds  without  jeopardising  the  operation  of  the 

reoorder,  sinoe  a wave  of  fifteen  second  period  will  be  reoorded  with 
only  a one  peroent  loss  in  sensitivity.  A frequenoy  test  on  a. Murk  ll' 

Model  2 instrument  showed  o lose  agreement  between  Equation  (33)  and  the 

operation  of  the  reoorder. 
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' Adjusting  tha  slow  leak  to  as  rapid  a flow  as  possible  is  desira- 
ble since  it  will  permit  the  pressure  head  to  be  lowered  during  instal- 
lation at  a faster  rate.  Also,  the  slow  leak  is  less  eucjsot  to  plug- 
ging with  the  more  rapid  flow  rates. 

(2)  The  equation  for  the  instrument  time  oonstant  suggests  a simple  way  to 
adjust  th.-  slow  leak.  The  flow  rate  o ^ , of  the  slow  leak  oan  be  measured 
directly  and  the  time  oonstant  of  tha  instrument  computed  for  the  oon- 
dition  of  the  installation.  Any  attempt  to  perform  "step  teats"  or 
"frequency  response  tests"  under  conditions  equivalent  to  the  final  in- 
stallation would  be  diffioult  and  the  instrument  would  have  to  be  dis- 
assembled to  readjust  the  slow  leak  screw  setting.’ 

(3)  After  final  adjustment  of  the  pressure  head,  the  dynaaio  operation  of 
the  head  o&n  be  studiod  at  atmospherio  pressure  and  the  aotual  character- 
istics computed  for  the  final  installation  pressures. 

PRBSSURIZIHQ  THE  PRB38UBB  HEAD  TTKIT  BEFORE  IEBTALLATI01 

General  Procedure 


The  total  volume  of  the  rubber  bellows  when  expanded  under  pressure  to 
the  full  extent  of  the  lower  dome  has  been  measured  and  found  to  be  equal,  to 
24  oubio  inches.  If  the  pressure  head  contains  20  oubio  inohos  of  fluid, 
and  the  pressure  head  then  ie  pressurised, > this  entire  volume  of  fluid  will  be 
foroed  into  the  expanded  rubber  bellows.  She  volume  of  fluid  is  not  suffi-. 
oient  to  completely  fill  the  bellows,  however,  and  an  air  pocket  will  exist 
above  the  fluid. 

The  air  pooket  in  the  pressurized  rubber  bellows  has  been  provided  to 
simplify  the  pressurization  prooedure  as  follows t (l)  the  slow  leak  between 
the  air  dame  and  the  rubber  bellows  will  not  restriot  appreciably  the  flow 
of  air  between  the  two  chambers,  and' therefore  will  permit  rapid  pressuri- 
zation of  both  chambers  without  damage  to  the  Bourne  transduoer  j (2)  the 
fluid  in  the  rubber  bellows  will  be  in  direct  oontaot  with  the  air  mnd  will 
reach  an  equilibrium  between  the  air  pressure  and  the  amount  of  absorbed  air 
in  the  fluid  in  a relatively  short  time. 

The  following  prooedure  oan  be  used  to  pressurize  the  pressure  head 

unit  t 

a.  Twenty-four  hours  before  installation,  pressurize  the  unit  to  ft 
pressure  equal  to  depth  of  the  proposed  installation.  The 
fluid  will  then  absorb  air  from  the  air-pocket  above  the  fluid  until 
it  is  saturated  for  the  oondition  of  the  final  installation.  The 
pressure  in  the  pressure  head  should  be  ohecked  e«  irjf  foW  hOUr a, 
and  represeurized  if  necessary,  until  equilibrium  is  reached.  A 
slight  seepage  of  fluid  past  the  rubber  bellows  seals  may  ooour 

at  this  time,  but  this  seepage  will  not  ooour  undc.tr  the  conditions 
of  the  installation. 

b.  At  the  time  of  th*  installation,  the  actual  depth  of  the  pro- 
posed installation  should  be  oheoked  and  the  absolute  pressure 
in  the  pressure  head  unit  reduoed  to  0t55  x (absolute  pressure 
of  the  installation  depth)  or  to  the  pressure  oaloulated  in  the 
following  seotions.  The  air  in  solution  in  the  silicone  fluid 


mwg"vi& 
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will  not  be  able  to  escape  during  this  readjustment  of  the  pressure. 
The  readjustment  of  the  pressure  o&n  l*e  done  any  time  after  equi- 
librium, as  described  in  part  (a),  has  been  reaohed.  It  is  best, 
however , to  wait  until  the  pressure  head  has  been  splioed  to  the 
cable  and  is  ready  for  installation. 

Calculation  of  Initial  Pressure 


The  initial  pressure  must  be  adjusted  so  that  the  rubber  bellows  will 
collapse  to  the  oorreot  working  volume,  and  the  air  dome  pressure  will  in** 
oraase  to  the  average  or  statio  pressure  of  the  water  when  the  pressure  head 
unit  is  installed  in  the  sea.  The  oaloulation  of  the  initial  pressure  is 
based,  -therefore,  on«  (l)  the  final  pressure,  (2)  the  Initial  and  final  air 
volumes  within  the  pressure  head  unit  and  (3)  the  initial  and  final  tempera- 
ture corresponding  to  the  air  temperature  and  i he  sea  temperature.  Hot®  that 
the  calculations  do  not  allow  for  absorption  of  air  by  the  fluid.  It  is  as- 
sumed the  fluid  is  pre-saturated  as  deaoribed  in  the  previous  section. 


where  Pi  = absolute  initial  pressure 
Pf  * absolute  final  pressure 

7f  = final  air  volume  within  the  pressure  head  unit 

■ initial  air  volume  wLthin  the  pressure  head  unit 
\ * absolute  temperature  of  the  air 

Tw  s absolute  temperature  of  the  -sets?. 

The  initial  air  volume  within  the  pressure  head  is» 

V = Vd  + Vb'  - 20  = 27  + 24  - 20  ■ 31  ou.  in. 

where  Vd  - measured  net  volume  of  the  air  dome  ■ 27  ou.  in. 

Vb’=  total  volume  of  the  pressurised  rubber  bellows  = 24  ou'.  in. 

20  ~ total  volume  of  fluid  in  the  pressure  head  in  cubic  inches. 

In  order  that  the  rubbsr  bellows  will  not  affeot  the  instrument  reading, 
the  .final  air  volume  within  the  pressure  head  must  remain  within  a given  Maxi- 
mum and  minimum  volume.  If  the  rubber  bellows  has  oollapsed  too  far,  or  re- 
mains pressed  against  the  walls  of  the  lower  dome,  the  pressure  within  the 
bellows  will  not  be  the  same  as  the  sea  pressure  and  an  error  will  be  intro- 
duced in  the  instrument  reading.  The  maximum  arid  minimum  allowable  final  air 
volume  as  determined  by  the  aaximua  and  minimum  rubber  bellows  volumes  are 

= Td+(Tb)»ax  - 20  ■ 27  + 15  - 20  » 22  ou.  in. 
s net  volume  of  air  dome  - 27  cu.  in. 

- measured  maximum  working  volume  of  the  rubber  bellows  " 15  ou.  in. 

■ Vd+(7b)nin  *z0  * 2T  + 4 - 2°  ■ 11  ou.  in. 

* net  volume  of  air  dome  ■ 27  eu.  in. 

* measured  minimum  working  velvas  of  tn«  rubber  bellows  * 4 ou.  in. 


as  followt 

o* tU 

where  V4 

<TbW 

ftu 

where  7d 
(7b)ain 
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If  the  optimum  working  volume  of  the  rubber  bellows  of  10  cubic  inches 
is  used,  and  the  difference  in  absolute  temperature  of  the  air  and  water  is 
install,  tha  initial  pressure  oan  be  oonputed  as  follows t 


Pt  = Pf 


vd+<Vb)opt  - 


Vd  + - 20 


pf  TT  * 0,66  pf 


or 

Wgage  = °*66  («  + 55)  - S3  .44  « ( ± - 6.6)  psig 


where 

S 


39 

.44 


z optimum  initial  gage  pressure  in  psig 
= depth  of  instrument  below  surface  of  water  in  feet 
- atmospherio  pressure  in  feet  of  sea  water 
= psi/foot  of  sea  water. 


After  computing  the  optimum  initial  pressure,  the  extremes  in  final  pres- 
sure due  to  tide  variations , and  the  extremes  in  water  temperature  variations 
should  be  used  to  calculate  the  final  bellows  volume  to  be  sure  the  volume  re- 
mains within  the  allowable  range  under  all  oonditions. 

Initial  Pressure  for  Shallow  working  gipths 

Approximately  1.6  psig  is  needed  to  expand  the  rubber  bellows  to  the 
full  volume  of  the  lower  dome.  With  an  initial  pressure  of  1.6  psig,  the 
optimum  working  depth  is  about  34  feet  and  the  minimum  depth  is  18  feet. 

If  the  unit  ia  pressurised  to  foroe  all  the  fluid  into  the  rubber  bel- 
lows but  without  forcing  any  air  into  the  rubber  bellows,  the  following  con- 
ditions will  be  found  to  exist t 

1.  Only  about  17  oubie  inohes  of  fluid  will  bs  forced  into  the 
rubber  bellows  due  to  the  height  of  the  slow  leak  opening  in 
the  air  dome. 

2.  The  pressure  required  to  expand  the  rubber  bellows  to  a volume 
of  17  oubio  inohes  will  be  approximately  0.26  psi,  whichoan  be 
neglected  when  considering  the  initial  air  dome  pressure. 

3.  The  initial  volume  of  air  will  be  Yd  - 3 B 24  ou.  in.,  and  the 
initial  pressure  will  be  atmospherio j the  instrument  therefore 
will  operate  satisfactorily  for  ' ,pths  between  3 and  30  feet  with 
an  optimum  depth  of  14  feet. 

The  prooedure  for  pressurising  the  head  will  be  the  same  as  before,  exoept 
that  the  final  pressure  will  be  adjusted  to  atmospherio. 

1.  Twenty-four  hours  in  advanse,  pressurise  the  unit  to  a pressure 
equal  to  the  depth  of  the  proposed  installation. 

2.  At  the  time  of  installation,  open  the  valve  in  the  air  dome  and 
allow  the  pressure  in  the  air  dome  to  deorease  to  atmospherio. 
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Any  *lr  trapped  la  the  lower  bellows  will  esoape  quickly  through  the  slew 
leak  leaving  the  rubber  bellows  filled  with  silioone  fluid  without  an  air 
pocket.  The  valve  should  remain  open  appt-axis»*«ly  10  eeoouds. 

gqulaaent  he oe as ary  to  Pressurise  Unit 

By  adding  a pressure  gage  to  a standard  bioyole  pump,  and  attaching 
an  ohm-meter  to  the  fusite  terminals  of  the  pressure  head,  (see  Figure  12) 
the  following  prooedure  will  prevent  dfssge  to  the  tranaduoeri 

1.  Increase  the  pressure  in  the  air  dome  until  the  ohm-meter  indicates 
sero  or  750  ohms  (the  limit  of  the  potentiometer)  and  disoonneot  the 
tire  pump. 

2.  Allow  several  minutes fbr  the  pressure  to  equalise  between  the  air  dome 
and  the  rubber  bellows  as  indicated  by  the  ohm-meter  reading  returning 
to  Bp/2  ohms  (usually  about  S75  ohms). 

3.  Repeat  (1)  and  (2)  until  all  possible  silioone  fluid  has  been  foroed 
from  the  air  dome  into  the  rubber  bellows. 

4.  Pressurise  the  unit  to  the  desired  pressure.  The  ohm-meter  will  in- 
dicate a value  near  R_ /2  at  all  times  during  this  operation,  since  the 
slow  leak  will  be  ineffective.  Also  the  check  valve  in  the  pump  will 
be  ineffective  if  the  puap  handle  is  moved  slowly  and  the  pressure  in 
head  oan  be  increased  or  deoreaaed  as  desired. 

II&TALLAtZOS  OF  TSS  FBS3SURX  BRAD 


Introduction 


•Installation  of  wave  reoorders  oan  be  classified  under  two  general 
headings,  "temporary  installations"  and  "permanent  installations".  Temporary 
installations  of  wave  reoorders  would  probably  be  made  in  order  that  wave 
height  and  period  oould  be  measured  for  a short  period  of  time,  seldom  sore 
than  a few  days.  Permanent  installations  of  wave  reoorders  would  probably  be 
made  to  study  waves  aoting  at  various  sites,  to  determine  "wave  olimate*  in 
the  regions  of  interest. 

V 

Seleoting  the  Site  t 

3he  general  looation  of  a wave  gage  depends  upon  the  purpi  se  for  whioh 
it  is  intended.  If  data  are  needed  to  oompile  statistical  infox  xation  de- 
scribing the  general  rave  action  along  a section  of  ooastline.  tie  gage  should 
be  located  so  that  it  is  wmll  exposed  to  the  open  sea.  There  should  be  no 
islands,  bars  or  prominent  points  to  interfere  with  the  waves  before  they, 
reaoh  the  instrument.  In  this  oase,  the  meet  suitable  sites  are  along  straight 
beaohes  and  at  exposed  points.  If  data  are  needed  for  a beach  of  particular 
interest,  the  reeordsr  should  be  located  near  that  beach.  „ — -■* 

The  wave  data  obtained  from  gages  exposed  io  the  open  sea  oan  be  used 
to  estimate  the  amplitude  of  wave?  acting  at  a particular  site  along  the 
same  seotion  of  the  ooast,  if  the  wave  direction  is  also  known.  Wave  direction 
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suet  be  determined  by  visual  observation,  or  by  the  study  of  weather  imps, 
slnoe  no  satisfactory  Instrument  has  been  devised  to  measure  and  record  this 
f so tor.  Visual  observation  Is  often  made  difficult  by  looal  wind  oh  op,  which 
hides  the  more  important;  swell  oomlng  from  distant  storms,  Weather  maps  are 
employed  to  determine  the  looation  of  the  storms  which  generated  the  waves, 
thereby  determining  the  diFeotion  from  which  the  waves  must  have  approaohed 
the  shore.  The  oaloulation  of  wave  height  at  a particular  site  can  then  be 
made  providing  the  following  information  is  known* 

. 1.  The  wave  height,  period  and  aireotlon  in  deep  water. 

2.  The  contours  of  the  bottom  over  whioh  the  waves  must  pass  to  reaoh 
this  site. 


These  calculations  are  based  on  the  prlnolplee  of  refraotion  and  dlf- 
fraotion  of  ooean  waves,  and  will  not  be  discussed  herein.  The  effeotsof  off- 
shore islands,  irregular  ocaotline  contours  and  interfering  points  usually  can 
be  determined  with  reasonable  aoouraoy.  These  calculations  normally  a re  not  made 
to  oomplle  data  describing  the  wave  aotion  at  a particular  site,  but  are  made 
to  determine  possible  oritioal  wavs  conditions  that  oauee  oonvergenoe  of  the  wave 
energy  at  a particular  site. 

Cages  installed  to  study  the  waves  soting  at  a harbor  entranoe,  at  a 
pier,  or  along  a breakwater  should  be  looated  near  the  site.  Careful  atten- 
tion should  be  given  to  the  looal  refraotlon  to  determine  the  relation  between 
the  waves  at  the  gage  and  the  site  being  studied.  Often  within  a few  hundred 
feet  a notloeable  difference  in  wave  aotion  oan  be  observed.  Gages  not  exposed 
to  the  open  sea  are  seldom  used  In  estimating  the  wave  conditions  offshore. 

Pier  Mounted  Gages 

Piers  provide  supporting  struoturee  from  whioh  gages  oan  be  installed 
easily.  Unfortunately  piers  are  seldom  built  in  locations  exposed  to  the  sea, 
rather,  they  are  looated  in  protected  regions  suoh  as  oovea,  bays  or  where 
sheltered  by  offshore  islands.  At  the  same  time,  many  piers  oan  be  found  to 
provide  suitable  locations  for  gages  to  study  looal  wave  action,  fbr  example, 
wave  reoorders  have  been  looated  off  piers  at  11  Segundo  and  at  Huntington 
Beaoh,  California) by  the  Beach  5rcsisn  Board,  Corps  of  Engineers.  n,«.  Army, 
and  the  data  obtained  from  them  have  been  used  to  determine  the  wave  aotion 
along  the  coast  of  Southern  California.  When  piers  are  available,  a surface 
type  gage,  such  as  the  Beach  Erosion  Board  Step  Resistance  Gage*  can  be  .in- 
stalled, whioh  reoords  the  aotual  variation  of  water  surfaoe  elevation'4'. 

Surfaoe  fluctuations  caused  by  tides  and  looal  wind  chop  are  reoorded,  and 
in  many  oases  may  be  desirable  in  the  reoord.  Pressure  type  wave  r.eoorders, 
suoh  as  the  Mark  XX  (Figure  IS)  also  oan  be  installed  easily  off  piers.  By 
suspending  the  pressure  recorder  oloee  to  the  water  surfaoe;  pressure  reoords 
corresponding  closely  to  the  surface  profile  oan -be  obtained.  Oils  hat  been 
done  at  Davenport,  California,  by  the  Wave  Researoh  Laboratory,  University  of 
California,  Berkeley,  pressure  type  gages  that  either  do  or  do  not  reoord 
tides  oan  be  used.  The  extent  to  whioh  the  pressure  reoorder  will  reproduoe 
the  looally  generated  short-period  waves  oan  be  oontrolled  by  adjusting  the 
depth  at  which  the  gage  1*  installed  b« low  the  surfaoe* 


In  some  looations  offshor 


provide  mountings  for  wave  gags 
at  Cape  Henry,  Virginia, (1°7  in  whioh 


11  well  structures  have  been  built>  that 
Also,  an  installation  has  been  oomplatad 
a step-rosistanoe  gaga  was  attaohed  to  a 
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file  speolally  dr Iran  for  the  purpose  of  installing  the  gage.  The  pile,  30 
feet  in  length,  was  driven  26  feet  into  the  sand  bottom  at  a site  2600  feet 
from  shore)  the  water  depth  was  20  feet*  The  gage  was  connected  by  armored 
oable  to  recorders  looated  at  the  shore  station.  A similar  installation  has 
been  made  by  the  author,  for  the  University  of  Texas,  off  Bakers  Baa oh,  San 
Franoleco,  California* 

8urfae#  type  gages,  although  requiring  oleaning  at  three  to  four  month 
intervals,  oan  be  operated  for  several  years  without  major  repair.  Several 
pressure  type  gages  are  also  available  that  provide  oontinuoue  service  far 
at  least  one  year  without  repair  or  maintenance.  lither  type  gage  should  be 
' installed  at  least  three  pile  diameters  from  the  nearest  pile* 

Tripods  for  Subaurfaoe  PrcaeurC  Heads j 

free sure  type  gages,  supported  by  email  tripods  resting  on  the  oeean 
bottom,  provide  a praetioal  method  of  reeording  the  wave  aetion  where  there 
are  no  piers*  The  tripods  vary  in  design  depending  upon  the  material  available, 
the  equipment  available  for  handling  the  tripod  during  installation,  the  eise 
and  type  of  marker  buoy  to  be  used,  and  the  sise  and  shape  of  the  pressure 
head*  The  two  primary  requirements  of  the  tripod  are  ae  follows  t 

1*  The  tripod  should  have  sufficient  weight  to  keep  it  in  plaoe  on 
the  bottom,  and  should  be  stable  so  that  wave  motion  or  currents 
oan  no*  tip  it  over*  Marker  buoys,  when  aeted  upon  by  heavy  aeaa, 
may  exert  a considerable  upsetting  fores  on  the  tripod  if  the  marker 
buoy  sable  is  attaohed  to  the  top  of  the  tripod*  Also,  the  elee- 
trioal  sable  usually  attached  to  the  base  of  the  tripod  may  tend  to 
drag  the  tripod  when  the  oable  is  aoted  upon  by  longshore  ourrents. 
formally  tripods  weigh  between  250  lbs.  and  2000  lbs.  depending  pri- 
marily on  the  marker  buoy  vise  and  the  equipment  available  for  hand- 
ling the  tripod* 

2*  The  tripod  should  have  suffieient  height  to  prevent  the  "sanding 
down"  of  the  pressure  he*4«  stdiasni  movement  is  known  to  ooour 
considerable  distances off Shore,  often  changing  the  bottom  eleva- 
tion by  several  feet*  This  is  especially  true  of  the  seasonal 
movement  of  sand  : Mahore  during  the  summer  months  and  offshore 
during  the  winter  months* 

Th#  Woods  Hole  tripod^1* ^ (Figure  14a)  has  a apeoial  design  feature 
whieh  allows  the  instrument  to  be  detached  from  its  concrete  base  in  ease 
the  unit  beoomes  covered  with  sand  and  cannot  be  lifted  without  possible 
breaking  of  the  lifting  line*  This  tripod  is  made  In  two  parts)  a oonorete 
base  weighing  approximately  300  pounds  and  a pipe  framework  whieh  supports 
the  pressure  head*  A shear  pin,  whose  strength  is  less  than  that  of  the 
lifting  sable, but  of  sufficient  strength  to  lift  the  oonorete  base,  holds 
the  two  eeotions  of  the  structure  together.  A lifting  line  of  S/8-inoh  wire 
rope  is  attaohed  to  the  top  of  the  pipe  framework  and  to  a marker  buoy.  If 
an  attempt  is  made  to  lift  the  tripod  while  it  is  covered  with  sand,  the 
shear  pin  will  fail  and  only  the  pipe  framework  need  be  lifted  to  recover 
the  instrument*  The  eohorete  base  of  the  Woods  Hole  tripod  is  provided  with 
a oavity  directly  below  the  tripod  in  which  oable  oan  be  ooiled.  A suffi- 
eient amount  of  oable  is  stored  in  this  cavity  to  reach  the  surfaoe  of  the 
water,  allowing  the  instrument  to  be  removed  and  replacement  connected 
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without  pulling  off  the  bottom  any  cable  whioh  might  also  be  ocvsred  with  sand* 

In  Figure  14-b  the  standard  University  of  California  tripod  is  shown. 

Its  stain  feature  ie  the  oiroular  base,  designed  for  maximum  stability.  The  base 
is  constructed  of  3-inoh  O.D.  blaok  iron  pipe,  in  whioh  several  holes  have  been 
drilled  to  avoid  buoyanoy. 

In  Figure  14c  are  shown  two  other  tripods  used  by  the  Wave  Re sear oh  Group 
or  t he  university  of  Zm. liforuia,  Those  tripods  arc  usually  five  to  seven  foot 
in  height  with  the  lootrcraeut  located  four  to  five  feet  abovo  the  base.  Sorap 
metal  or  oast  oonoretc  blocks  are  used  to  inorease  the  tripod  weight.  The  lift* 
ing  oable  is  attaohed  between  the  top  of  the  tripod  and  the  marker  buoy. 

Marker  Buoys  for  Subsurfaoe  Pressure  Heads 

In  the  past  the  methods  of  attaching  the  lifting  line  and  marker  buoy  had 
been  unsatisfactory.  Usually  the  tripod  was  lowered  to  the  bottom  by  a 3/8-inoh 
to  l/2-inoh  wire  rope  and  a buoy  attaohed  to  the  lifting  line  after  the  tripod 
was  in  plaoe  on  the  bottom.  To  provide  working  oable  to  pass  over  the  hoist- 
ing frame  and  attach  to  the  winch,  the  lifting  oable  length  was  normally  made 
twioe  the  depth  of  the  water.  Several  diffioulties  arose  from  this  type  of 
installation.  The  continual  working  of  the  oable  due  to  the  buoy  following  the 
surfaoe  waves  weakened  the  oable  and  eventually  oaused  failure.  To  reduoe  this 
action,  a small  buoy  with  buoyanoy  just  sufficient  to  remain  afloat  under  the 
weight  of  the  oable  was  used.  These  small  buoys  would  still  break  the  oable 
under  the  action  of  large  waves,  espeoially  after  several  months  of  exposure  of 
the  oable  to  the  salt  water. 

Marker  buoys  installed  according  to  Coast  Guard  Specifications , using 
ohain  between  the  anohor  and  the  buoy,  certainly  would  last  a longer  time,  but 
would  require  larger  boats  to  make  the  installation,  and  a larger  tripod  to 
serve  ae  an  anohor.  Typical  Coast  Guard  Specifications  for  a small  open-sea 
type  buoy  would  be  as  follows t 3rd  olas?  speoial  nun  buoy,  656  lbaj  3/4-inoh 
ohain  1 maximur  water  depth  14  fathoms j chain  length  2^  times  water  depth} 
2000-pound  oonorete  blook  anohor.  An  installation  of  this  type  should  be  ser- 
viced onoe  each  six  months  (paint  buoy  and  oheok  ohain).  The  ohain  should  last 
between  one  and  two  years  depending  upon  th*  amount  of  wave  aotion. 

Greatest  wear  of  the  ohain  ooours  between  the  links  that  touoh  bottom 
during  wave  troughs  at  low  tide  and  the  links  that  are  lifted  off  bottom  during 
wave  orests  at  high  tide.  This  wear  ie  due  to  the  rotation  of  each  link  as 
it  is  lifted.  Additional  ohain  may  be  lifted  off  bottom  during  storms  and 
high  winds,  but  the  peroentage  of  time  is  small  and  the  wear  cf  these  links  is 
not  as  oritioal  an  that  oaused  by  normal  wave  aotion. 

Using  a ohain  whose  entire  length  cannot  be  lifted  by  the  buoy  allowe 
the  use  of  a relatively  small  anohor.  She  anohor  serves  only  to  prevent  the 
ohain  from  being  dragged  along  the  bottom  during  large  storms,  k long  ohain 
also  prevents  any  snapping  aotion  oaused  by  the  buoy  lifting  all  the  slaok 
out  of  the  line.  This  snapping  aotion  is  probably  the  greatest  oause  of 
oable  failure  when  small  round  buoys  are  used  with  wire  oable  lifting  lines. 

The  inoonvenienoes  of  handling  larger  anohors,  buoys  and  oables,  as 
normally  used  by  -fee  hoast  Guard,  have  prevented  their  use.  1 small,  light. 
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marker-buoy  system  that  is  proving  to  be  more  satisfactory,  is  comprised  of  4 
short  line  and  a spar  type  buoy*  The  basio  idea  behind  this  scheme  is  to  pro- 
vide a buoy  that  holds  the  short  line  taut  at  all  times  to  prevent  oontinual 
working  of  the  line  and  to  prevent  failure  by  snapping  action*  One  such 
scheme  used  by  the  Beaoh  Erosion  Board  eaploys  a wooden  spar  buoy  approximately 
five  feet  in  length  whloh  is  oonneoted  to  & 3//S-inoh  wire  oable.  The  length 
of  the  oable  is  adjusted  aooording  to  the  water  depth  so  that  the  buoy  is 
exposed  only  at  low  tide  • A positive  net  buoyanoe  is  assumed  at  all  timea 
•woe pt  possibly  during  troughs  of  large  waves  at  low  tides. 

A ssoond  example  of  the  short-line  spar-buoy  soheme  is  provided  by  an 
Installation  made  at  Point  Pinos,  Calif ornia,  by  the  lave  Research  Group  of  the 
University  of  California  (Figure  15).  This  system  employs  a 30-foot  metal  spar- 
buoy,  six  inches  in  diameter,  and  a five-foot  length  of  oh&in.  The  ohain  is 
oonneoted  between  the  top  of  a six-foot  1500-pound  tripod  and  the  buoy.  The 
length  of  the  ohain  is  adjusted  so  that  the  top  of  the  buoy  is  exposed  at  low 
tide.  A net  positive  buoyanoe  exists  at  all  times  and  is  equal  to  150  pounds 
at  the  connection  between  the  ohain  and  the  tripod  when  the  buoy  is  completely 
submerged.  This  installation  was  ohecked  after  five  months  of  servioe  and  was 
found  to  be  in  good  condition;  very  little  wear  of  the  ohain  had  taken  place. 

The  disadvantages  of  the  short-line  spar-buoy  system  are  twofold t 

1)  Special  provisions  must  be  mads  to  lower  and  lift  the  instrument,  and 

2)  The  replacement  or  oleaning  of  the  buoy  requires  lifting  the  instrument* 

The  first  difficulty  is  easily  overoome,  the  instrument  oan  be  lowered  by  a 
separate  line  attached  to  the  tripod  by  a hook  which  will  free  itself  when  the 
instrument  reach**  bottom.  The  instrument  oan  be  lifted  by  lowering  a ohain 
noose  around  the  buoy  to  oontaot  the  buoy  ohain  near  the  top  of  tku  tripod. 

When  the  noose  is  pulled  tight  by  the  lifting  line,  the  two  chains  Inter- link 
so  that  the  tripod  oan  be  raised. 

The  seoond  disadvantage  of  the  short- line  spar-buoy  system,  the  incon- 
venience of  lifting  the  instrument  for  periodio  oleaning  of  the  buoy,  oannot  be 
overoome  simply.  Periodio  oleaning  must  be  done  to  prevent  exoeislve  sea  growth 
on  the  buoy.  If  the  growth  is  allowed  to  aooumulate,  the  downward  drag  foroe 
exerted  by  the  motion  of  the  water  may  be  sufficient  to  overcome  the  net 
buoyancy  with  the  result  that  snapping  action  could  take  place* 

A third  soheme  oombining  the  features  of  the  short-line  spar-buoy  type 
marker  and  the  Coast  Guard  buoy  type  marker,  has  been  developed  by  the 
University  of  California  (see  Figure  16).  This  system  utilize* t 
(1)  a medium  sized  spar  buoy  (15  feet  long,  7 inohes  in  diameter,  149  pounds 
total  weight);  (2)  a small  ohain  (3/8")  oorneoting  the  buoy  to  a seotion  of 
large  chain  (i")  which  aots  as  a "variable  anchor";  (5)  a lifting  ohain  (3/8") 
between  the  one-inoh  ohain  and  ths  tripod;  and  (4)  a 1200-pound  tripod*  The 
buoy  size  is  determined  by  the  amount  of  ohain  to  be  supported  which  inoludes 
a section  of  the  large  ohain*  The  system  is  designed  so  that  at  a -1  foot  tide 
the  buoy  is  exposed  two  fest;  at  a 4-foot  tldeL  tha  buoy  is  totally  sub- 
merged* The  large  ohain,  therefore,  aots  as  a "variable  anchor"  in  that' it 
rsduoes  the  motion  of  the  spar  buoy,  maintains  tension  in  ths  buoy  oh&in,  and 
prevents  s happing  notion  in  the  ohain* 

By  adjusting  ths  length  of  the  buoy  ohain  to  a length  equal  to  the  water 


} 

j 

| 

1 

I 

I 


1 

i 


26 


depth  (at  MLLW)  lees  18  feet,  the  amount  of  one-inah  anchor  oh&in  lifted  off 
the  bottom  will  be  eufflolent  to  submerge  the  buoy  at  a + 4-foot  tide. 

This  oan  be  shown  its  follows  (with  reference  to  figure  16)  i 


Buoyant  foroe  of  the  spar  buoy  (B)  = 17.2  1,  pounds 


Weight  of  the  anchor  ohain 

Weight  of  the  buoy 

Weight  uf  uuOy  chain  (in  air } 

Therefore 

17.2  lx  -9.3  12  + 190 

and 

+ lw  + 12  = (MLLW)  + T. 


- 9.3  lg  pounds 

= 150  pounds 
& 4e  pounds. 

(54) 

(55) 


If  the  buoy  submerges,  lx  will  be  equal  to  the  length  of  the  buoy 
(15  feet)  and  the  amount  of  anchor  ohain  lifted  will  bes 
17.2  (16)  - 190 

— 1 §7$*  1 = 7.3  feet.  (38) 
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By  adjusting  the  length  of  the  buoy  chain  the  buoy  will  be  sub- 
merged at  the  desired  tide  state  of  four  feet.  Equation  2 now  beoomesi 


1Q  = MLLW  + 4 - 15  - 7.3  « MLLW  - 18.3 

10  2?  MLLW  - 18,  (*7) 


The  length  of  anohor  ohain  lifted  off  bottom  for  any  water  level  oan  now 
be  determined  from  Equations  2 and  4. 

lx  + 12  • MLLW  + T - (MLLW- 18) 

■ T + 18  (S8) 

»nii 

12  = 0.649T  + 4.14  . (59) 

Equation  6 indicates  that  the  water  level  must  be  *>>out  &k-  feet-  below 
MLLW  to  cause  all  of  the  anohor  ohain  to  rest  on  bottom. 


Specifications  for  Submarine  lie Ctrl oal  Cable 

A oable  that  has  been  used  along  the  Paoifio  Coast  for  several  years 
and  has  proven  satisfactory  exospt  under  very  unfavorable  conditions  has 
speoifioations  as  follows  1 

Simplex  Wire  and  Cable  Company 

Anhydrous  8. A.  Heoprene  galvanised  armor j jute  oovered  submarine  oable. 
Condmotors  #14  - 7 strand  #22  tinned 

6/64"  wall  Ashydrex  S A oolored  cotton  braid  oable,  fill  waterproof  jute 

tape,  6/$4"  neoprene 

Tape  waterproof,  jute  serve 

#10  BWG  galvanised  armor 

Waterproof  jute  serve 
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These  oablss  have  shown  only  slight  wear  over  a period  of  one  to  two 
years.  One  oabla  which  was  oontinually  exposed  at  the  upx’ush  of  a oobble 
bsaoh  failed  in  approximately  four  mohths.  The  combination  of  the  hibernate 
exposure  of  the  cable  to  the  water  and  air,  and  the  abrasion  by  the  ,oobbles 
oaused  a rapid  removal  of  the  armor  and  the  subsequent  oable  failure* 

The  most  suitable  oable  available  on  the  oonmeroial  market  for  in- 
stallations where  the  oable  may  be  subjeoted  to  abnormal  abrasion  arfd  large 
tension  foroes  is  built  by  the  Simplex  ffire  and  Cable  Co.  The  speoif i oat ions 
of  this  oable  are  as  follows r 

Anhydrex  8A  Heoprene  galvanized  armor 
Neoprene  jaoketed  submarine  oable 
Conduotors  ^14-  7 strands  #22  tinned 

5/64N  wall  anhydrex  3A  colored  ootton  braid  oable-  fill  waterproof  jute 
tape 

6/e4"  wall  neoprene 
Tape  waterproof  jute  serve 
#10  EWG  galvanized  armor 
5/64"  wall  neoprene 
Two  serves  seine  twine 
7/64"  wall  neoprene 

Approximate  OD  1.66  inches,  2320  lbs/1000  ft. 

Installation  of  Submarine  Eleotrioal  Cables t 

The  installation  of  the  submarine  eleotrioal  oable  between  the  offshore 
tripod  and  the  shore  station  is  a relatively  simple  task  under  ra«orable  con- 
ditions and  with  proper  equipment.  Favorable  oonditionu  lnoiuae  a straight 
sandy  beach  without  reefs  and  a sand  bottom  from  the  beaoh  to  the  instrument. 
Under  these  conditions  an  armored  oable  oan  be  laid  along  the  bottom  without 
anchors  or  additional  protection  and  little  or  no  oable  wear  will  take  plaoe. 
The  oable  will  quiokly  "sand  down"  so  that  it  is  not  exposed  to  the  turbulent 
notion  of  the  surf  zone  or  to  currants  that  may  exist  at  times  parallel  to 
the  beaoh.  After  a few  months  the  cables  usually  will  be  oovered  by  sand  to 
suoh  depths  that  they  oannot  be  reoovered. 

The  "sanding  down"  takes  plaos  for  two  reasons;  first,  the  fluidity 
of  the  sand  (espeoially  in  the  surf  zone)  will  allow  the  oable  to  settle 
until  it  ia  oovered  to  a depth  of  a few  inohes  or  more;  and  sooond,  the 
movement  of  send  bars--the  movement  of  sand  onshore  and  offshore  and  the 
movement  of  sand  along  the  shore  will  alternately  underout  and  bury  the 
oable  until  it  may  be  oovered  to  a depth  of  several  feet.  During  the  euamer 
when  -the  sand  moves  toward  the  beaoh,  the  offshore  oable  may  be  very  near 
the  sand  surfaoe,  or  actually  exposed.  Direotly  under  the  summer  berm  on 
the  beaoh  the  oable  may  be  buried  as  suoh  as  ten  feet.  Conversely,  during 
the  winter  the  oable  may  be  near  the  sand  surfaoe  in  the  surf  zone  while 
offshore  it  may  be  buried  several  feet.  The  oable  seldom,  if  ever,  will 
be  exposed  along  its  entire  length. 

The  greatest  danger  to  the  oable  exists  during  storms  when  the  waves 
approaoh  the  shore  at  a sharp  angle.  The  waves  may  out  a soarp  several 


28. 


feet  high  (see  Figure  17)  which  will  expose  the  oable  to  the  turbulenoe  and 
littoral  ourrents  of  the  surf  zone  during  the  storm. 


Under  favorable  conditions  the  armored  oable  need  be  used  only  to  oross 
the  surf  zone.  Unarmored  oable  can  then  be  splioed  to  the  armored  oable  and 
laid  along  the  bottom  to  the  Instrument  site.  The  splioe  normally  does  not 
have  the  full  strength  of  the  oable  and  oare  must  be  taken  to  prevent  tension 
at  this  point.  Anchoring  the  oable  near  the  splioe  will  reduce  the  tension  uf 
the  splioe.  An  installation  ox  this  typs  was  mads  by  .Visgsl  at  Oceanside, 
California which  was  de6oribed  as  follows* 

"A  two  thousand  foot  seotion  of  f our-oonduotor  armored  oable  was  used 
through  the  surf  zone, with  three  thousand  feet  of  two  oonduotor  demo- 
lition cable, splioed  to  the  end  of  the  armored  oable, for  the  remainder 
of  the  distance.  The  armored  oable  Wtto  X OjCSu | 1m  vhv  shape  of  a figure 
8 into  the  cargo  compartment  of  the  iXJKW,  with  the  bottom  ten  feet  left 
sticking  up  alongside  of  the  orafVs  gunwale.  This  was  splioed  to  the 
top  end  of  the  demolition  oable  which  had  been  faked  into  the  oar  go  oam- 
partment  of  a second  IXJKW.  The  bottom  end  of  the  demolition  oable  then 
was  splioed  to  the  Hark  V,  No.  1,  whioh, mounted  in  an  iron  stand,  was 
placed  in  the  second  DCJinV.  All  splioes  wore  completed  while  the  oraft 
were  still  on  the  beaoh.  The  remaining  thou Sk  id  feet  of  armored  oable 
was  laid  out  on  the  beaoh  and  a bight  taken  c .t  with  a rope  whioh  was 
attaohed  to  the  UUKW.  This  remaining  oable  was  to  be  pulled  out  to  sea 
by  the  DUKTi'  as  it  went  through  the  surf.  In  order  that  there  would  be 
no  tension  on  the  splice,  the  demolition  oable  had  been  doubled  baok  for 
about  three  feet  and  securely  bound  to  the  armored  oable.* 

Hhen  reefs  exist  along  the  beaoh  (see  Figure  17)  or  the  bottom  offshore 
is  oovered  with  rook,  the  oable  oannot  sand-down  and  special  anohoring  of  the 
oable  is  necessary  to  hold  the  oable  in  plaoe.  Anohoring  prevents  wear  of 
the  oable  on  sharp  edges  of  rooks  and  prevents  excessive  tension  in  the  oable 
duo  to  long  lengths  of  oable  being  exposed  to  underwater  ourrents.  Die  problem 
of  rooky  bottoms  offshore  oaJi  be  dealt  with  effectively  by  having  a deep  sea 
diver  walk  the  oable,  laying  it  around  and  between  the  rooks  and  perhaps 
anohoring  the  oable  periodically  with  oonorete  blooks  set  on  top  of  the  oable. 


At  Guam,  the  problem  of  laying  a oable  over  a reef  was  solved  by  the  author 
in  the  following  manner v7). 

"By  installing  the  oables  in  the  orevioes,  whioh  extended  across  the  reef 
faoe,  the  cable  was  not  required  to  withstand  the  direot  foroe  of  the 
breaking  waves.  However,  they  were  required  to  withstand  large  foroes  due 
to  the  turbulenoe  oaused  by  the  waves  and  due  to  the  surge  ourrents 
present  in  the  orevioes.  The  wight  and  strength  of  the  armored  eleotrioal 
oable  was  not  considered  sufficient  to  withstand  the  foroes.  Both  weight 
and  strength  were  added  by  lashing  the  eleotrioal  oable  to  1^-inoh  chain 
(18  pounds  per  foot)  as  shown  in  Figure  18  a and  b.  The  armored  o*ole 
first  was  attaohed  to  the  chain  with  rings  made  of  3/8-inoh  diameter  iron 
rod  and  then  tightly  lashed  with  seizing  wire.  The  iron  rings  were  used 
to  bind  the  ohain  and  oable  together  and  the  seizing  wire  prevented  the 
eleotrioal  oable  from  being  snagged  on  the  bottom  during  installation. 

Three  hundred  and  sixty  feet  of  ohain  was  used  to  reinforoei  the  oable 
along  the  seotion  thas  extended  100  feet  shoreward  260  feet  seaward  of 
the  reef  faoe." 
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"The  day  nf  the  instillation  of  the  cable,  buoys  were  brought  to  the  reef 
and  attached,  to  th»  ohain  and  cable.  Fifty-fi re-gallon  buoys  were  attaohed 
at  seventy-f ive-fcot  intervals  to  support  the  eleotrioal  oable  and  three- 
hundred-gallon  buoys  were  attached  at  seventy-five -foot  intervals  to  sup- 
port the  chain,  as  shown  schematically  in  Figure  18c.  The  small  buoys 
were  tied  to  the  eleotrioal  oable  with  manilla  rope  that  was  out  to  free 
the  buoys  after  the  oable  was  pulled  into  position.  The  large  buoys  were 
attached  to  the  ohain  by  steel  oable  straps  whioh  first  were  passed 

through  the  bottom  eye  of  the  buoy  and  then  attached  to  the  top  eye  with 

a pelican  hue!.,  nheu  the  chain  had  been  pulled  into  position,  the  pelioan 
hook  was  tripped,  allowing  the  atrap  to  run  through  the  bottom  eye  to  free 
the  ohain  from  the  buoy. 

The  chain  was  pulled  off  the  reef  by  the  diving  tug  as  follows  (Figures 
18  d and  e).  A messenger  line  was  shot  to  the  reef  and  was  used  to  pull 
a l/2-inoh  diameter  manila  line  off  the  tug  to  the  reef.  'Jhis  line  was 
tied  to  the  end  of  the  eleotrioal  oable  and  was  used  to  pull  the  buoyed 

oable  off  the  reef.  A seoond  line  then  was  shot  to  the  reef  and  was 

used  to  pull  a four- inch  (oiroumf erenoe)  manila  line  to  the  reef.  Die 
four-inch  line  was  used  to  pull  a 3/4-lnoh  steel  oable  off  the  reef  to 
the  tug.  The  steel  oable,  attaohed  to  the  end  of  the  ohain,  was  used  to 
pull  the  ohain  off  the  reef  with  the  tug's  capstan.  While  the  ohain  was 
being  pulled  off  the  reef,  the  eleotrio  cable  was  kept  taut  at  all  times. 
This  prevented  the  sections  of  cable  between  the  buoys  from  touching  the 
bottom  and  becoming  snagged.  When  all  the  oable  was  pulled  off  the  reef, 
the  buoys  were  cut  free,  dropping  the  oable  to  the  bottom.  * 

Installation  of  Submarine  Eleotrioal  Cables  by  IXJKWb 

Die  length  of  oable  usually  installed  for  a wave  reoorder  varies  between 
one  thousand  and  five  thousand  feet  depending  upon  how  far  offshore  the  desired 
depth  of  water  oan  be  found.  Cabla-laying  ships  oannot  be  used  economically  to 
install  these  short  lengths  of  oable.  It  is,  therefore,  necessary  to  use  small 
boats,  landing  oraft  and  amphibian  vehioles  to  perform  this  operation.  The 
IXJKW  is  used  more  often  than  the  other  oraft,  since  it  oan  be  loaded  with  the 
sable,  driven  to  the  shore  site  and  used  to  lay  the  oable  in  one  operation.  The 
remarks  whioh  follow  apply  directly  to  the  use  of  a 2XJKW  to  install  the  oable, 
but  should  also  apply  in  general  to  the  use  of  any  small  oraft. 

Figure  19  shows  oable  spool  holders  designed  to  mount  2500-foot  spools  of 
armored  oable  in  the  oargo  oompartment  of  a IXJKW.  The  design  includes  a foot 
brake  whioh  aote  on  the  rims  of  the  spool  to  hold  tension  in  the  oable  as  it  is 
being  laid.  Without  the  foot  brake,  the  spool  will  spin  due  to  the  weight-  of 
the  oable  hanging  in  the  water  and  oable  will  be  unreeled  faster  than  the 
oraft  progresses. 

The  oable  oan  also  be  faked  in  the  DUKW  as  illustrated  in  Figure  20,  By 
faking  the  cable  (coiling  the  oable  to  fora  a "figure  8")  as  shown,  the  cable 
oan  be  played  out  without  twisting.  A full  spool  of  armored  oable  (2500  feet) 
oan  be  stowed  in  a IXJKW  oargo  compartment  without  difficulty. 

The  disadvantages  of  taking  cable  in  the  oargo  oompartment  ore  as  follow^ 

1.  There  is  always  a possibility  of  the  oable  becoming  tangled  *ad  a danger 
to  anyone  attempting  to  free  auoh  tangles. 
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2.  There  is  no  simple  way  to  hold  tension  on  the  o&ble  being  laid  and 
the  oable  tends  to  unooil  too  rapidly  . 

5.  Cunsidox-ablo  work  is  involved  in  unspooling  and  recoiling  the  heavy 
arnored  oable* 

Attempt.?  hnvc  been  made  to  drag  a portion  of*  the  oe.ble  ■Pro®  a. 

spool  mounted  on  the  beaoh*  Not  more  than  1000  to  1500  feet  of  armored  oable 
oan  be  dragged  by  a floating  HJKW  unless  floats  are  attaohed  to  the  oable  to 
reduce  the  bottom  friotion.  The  following  quotations  taken  from  the  field 
notes  of  a DUKff  party  illustrate  some  of  these  techniques  and  the  difficulties 
that  oan  be  encountered 

Basoom(2)(M-gure  21)  t Installation  of  a wave  recorder  at  Point  Arguello, 
California. 

"In  accordance  with  the  plan,  the  DUKWs  entered  the  water  at  the 
Arguello  surf  station,  moved  north  the  four  miles  of  water  to  Point  Arguello, 
tied  up  side-by-side  and  anchored  in  the  lee  of  a large  rook.  Radio  oontaot 
was  established  between  the  five  men  in  the  DUKWs  and  the  three  on  the  oliff. 
The  DUKWs  launched  a skiff  with  one  man  aboard.  The  end  of  a pilot  line 

inch  manilA)  was  lowered  into  the  skiff  by  means  of  a light  linen  line 
slung  between  the  two  rooky  promontories.  The  skiff  took  the  pilot  line  to 
the  IXJKWa.  With  considerable  effort,  and  help  in  turning  the  o&ble  spool  from 
the  oliff  crew,  the  end  of  the  submarine  o&ble  was  hauled  aboard  the  DUKW. 

About  1200  feet  of  the  oable  was  then  flemished  down  between  the  two  DUKWs 
in  the  following  manner j the  oable  was  too  heavy  to  pull  off  the  oliff  by 
manpowerj  therefore,  the  DUKWs  would  tow  off  about  300  to  400  feet  of  oable, 
the  orew  would  pul]  it  aboard  and  flemish  it  down.  This  would,  of  oourse, 
pull  the  DUKWs  slowly  backward  toward  the  oliff.  When  they  attained  their 
original  position  they  would  take  a new  bend  on  the  oable  and  tow  out  a few 
hundred  feet  more  to  repeat  the  prooess.  When  the  required  1200  feet  was 
aboard,  the  DUKWs  took  a firm  grip  on  the  oable;  a 55-gallon  drum  was  at- 
tached to  the  o&ble  on  the  oliff.  Thenceforth,  the  IXJKWs  pulled  the  oable 
straight  south  from  vhe  oliff,  stopping  at  250-foot  intervals  for  the  orew 
on  the  oliff  to  att&oh  another  drum.  After  the  last  of  the- 10  drums  was 
attaohed,  the  DUKWs  oontinued  to  pull  off  oable  (unbuoyed),  swinging  about 
to  the  west  at  the  a&me  time*  whan  another  800  feet  of  oable  was  off,  the 
drum  was  braked  and  the  unsupported  sable  allowed  tc  settle  to  tho  bottom. 

The  DUKWe  then  headed  for  the  buoys  which  marked  the  oable  oourse j the  float- 
ing line  of  2600  feet  of  cable  gradually  swung  around  to  follow  this  course. 
While  tension  was  kept  on  the  cable,  the  float  barrels  were  out  free.  The 
grip  on  the  oable  was  then  released  and  the-  1200  feet  of  o&ble  on  the  IXJKWs 
was  allowed  to  play  out  over  the  etern  as  they  moved  seaward  on  the  oable 
oourse.  The  end  of  the  oablo  was  sealed  and  buoyed  with  a large  round  marker 
buoy  and  oast  off.  The  oablo  served  as  its  own  anohor  and  the  buoy  was 
picked  up  in  the  same  position  the  next  day." 

Bascoo^  (Figure  22)  i Installation  of  wave  reoorder  at  Heoeta  Head,  Oregon. 

"Sea  was  ci  1m  (Hg  » 5',  T ■ 10")  and  the  day  was  clear;  there  was  a light 
westerly  wiud.  The  green  DUKW  with  the  spool  of  oable  aboard  was  backed  out 
co  the  waters  edge.  The  pressure  head  was  fixed  in  the  triangle  and  the  final 
oouueotion  made  and  tested.  Hie  #611  submarine  oable  was  fastened  to  the 
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triangle  by  means  of  apeoial  braoketsj  the  cable  waa  to  be  towed  by  the 
oable  sook  which  was  fastened  to  the  cable  about  ten  feet  from  the  triangle. 

The  sook  was  connected  to  the  grey  IAJKW  with  ten  feet  of  l/4-inoh  eteel  oable. 
The  grey  DUEn  hoisted  the  triangle  in  its  "A"  frame  and  put  out  through  the 
surf.  The  first  heave  oarried  the  oable  about  1,000  feet  offshore.  At  that 
point  the  sook  slipped  on  the  oable  and  put  the  strain  on  the  triangle.  To 
avoid  any  damage  to  the  instrument,  the  submarine  cublo  was  cut  and  the  DUE* 
returned  tc  the  beash.  The  oable  was  retraoted  and  another  splioe  made.  The 
gray  DOKW  then  oarried  a bight  of  oable  to  about  800  feet  offshore,  dropped  it, 
and  returned  for  the  triangle.  The  prooedure  was  the  same  as  before,  but  the 
sook  was  securely  fastened  this  time.  This  time  the  IXJKW  got  to  about  1500 
feet  offshore  (30  feet  of  water).  By  this  time  a rather  strong  wind  had  oome 
up  and  oarried  the  DOKW  south  of  its  course,  the  triangle  was  lowered  and 
buoyed  and  the  party  scoured," 

Basoom^3^!  Installation  of  wave  recorder  at  Quillayute,  Washington 

"The  cable  was  moved  out  onto  the  beach  and  set  up  in  the  spool  frame  so 
that  it  would  rotate  freely.  About  1800  feet  of  the  seaward  end  was  flemished 
down  in  the  held  of  a TT7KW,  and  scoured  there.  The  DUKW  then  put  out  to  sea 
towing  the  oable  behind  it.  It  was  hoped  that  enougi  oable  would  be  unreeled 
and  dragged  off  the  oeaoh  to  oomplsts  the  cable  laying  in  a single  operation. 
Suoh  was  net  the  case.  After  about  1500  feet  was  off.  the  DOKW  oould  move  no 
morej  the  line  securing  the  oable  to  the  DUKW  was  oast  off  and  the  1800  feet 
aboard  the  I2UK.W  was  laid  out  along  the  course.  The  empty  DOKW  oame  back 
ashore,  seised  a bight  of  the  oable  and  towed  about  100  feet  more  out  to  sea. 
This  was  a mistake.  Apparently  underwater  obstructions  or  rapid  sand  changes 
held  it  fast,  for  although  the  outer  end  of  the  oable  was  picked  up  with  a 
grappling  hook,  the  DOKW  was  unable  to  tow  any  more  oable  out  to  sea.  After 
landing  it  was  found  impossible  to  winoh  any  part  of  the  oable  back  ashore. 

This  means  that  about  1000  feet  of  the  oable  is  still  in  a large  loop  in  the 
ourf  sons,  probably  lost  forever.  Bnough  oable  was  then  unlaid  from  the 
reel  to  adequately  complete  the  shore  end.  The  regaining  cable  was  flemished 
down  on  the  DUKIT,  taken  out  to  sea  and  the  seaward  end  of  the  laid  oable  was 
reoovered  and  a splioe  was  made.  The  rest  of  the  oable  was  then  laid  off 
the  3UKW  and  buoyed." 

Splicing  Cable  to  Pressure  Headr 

The  steps  involved  are  illustrated  in  Figure  23. 

1.  Figure  23a  shows  the  oable  inserted  in  the  tapered  sleeve  and  clamped  into 
position.  The  conductors  have  been  stripped  baok  approximately  -g  inoh  and 
flexible  leads  have  been  soldered  to  the  fusite  terminals. 

2.  Figure  23b  shows  the  splioed  connect-ion  that  joins  the  oable  oonduotors  to 
the  fuBite  terminal  leads.  This  junction  has  been  made  by  using  Burndy 

Hylug  solder  leas  connectors. 

3.  Figure  23o  illustrates  the  next  step  in  the  prooedure.  (a)  The  jvaotion  ’ 
has  been  Insulated  by  a short  pieoe  of  Wasoo  ^ 608,  gauge  fZ  spaghetti 
bound  in  place  by  eleotrioal  splicing  twine,  (b)  The  exoes»  length  of 
fusite  lead  and  oable  oonduotors  is  stuffed  into  the  connection  chamber. 

(a)  Uae  cable  and  sleeve  have  been  wrapped  with  alternate  layers  of  rubber 
tape  and  rubber  oemsnt  to  form  a homogeneous  water-tight  seal  at  the  point 
of  entry  of  the  oable  to  the  connector  chamber. 
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4.  Figure  2-3d  illustrates  the  final  step  in  the  splicing  and  insulating  pro- 
cedure* the  filling  of  the  void  remaining  in  the  connection  chamber  with 
Dow  Corning  DC-4  Silicone  Compound,  and  wrapping  the  cable  with  friction 
tape, 

MilHTBHAHCB 

The  Marie  IX,  Model  € is  the  most  satisfactory  instrument  developed  to  date 
at  the  Wave  Research  Laboratory,  University  of  California,  However,  in  common 
with  any  instrument  used  in  the  field,  it  must  be  checked  at  short  intervals,  and 
in  case  of  poor,  or  no  operation,  the  trouble  must  be  found  and  the  system  re- 
paired, Hollowing  is  the  procedure. 

Standard  Test  Procedure 


For  maintenance  purposes,  it  is  necessary  to  use  a 750-ohm  potentiometer 
as  a "Dummy  pressure  head"  in  order  to  test  the  shore  equipment.  Unless  there 
are  two  pressure  heads  at  sea  connected  to  the  power  supply  and  bridge  unit,  the 
dummy  should  be  connected  to  the  Pressure  Head  Ho,  2 lugs  at  the  rear  of  the 
power  supply  and  bridge  unit. 

When  the  pressure  head  is  being  installed,  the  power  Bupply  and  bridge 
unit  is  adjusted  as  outlined  previously.  Then  the  dummy  head  is  switched  into 
the  oirouit  and  the  settings  on  it  to  give  full  soale  deflection  of  the 
Ester line-lngus  recorder  are  noted.  It  oan  then  be  used  in  trouble  shooting 

1,0  Switoh  the  "pressure  head"  from  the  pressure  head  at  sea  to  the  dummy  pres- 
sure head.  This  disconnects  the  sea  oable  and  pressure  head  and  oonneots  the 
750-ohm  potentiometer  "dummy  pressure  head"  (which  can  be  controlled  from 
the  front  panel).  The  bridge  current,  indicated  by  the  front  panel  meter 
should  remain  at  32  ma.  (normal  bridge  current).  The  following  tests  then 
should  be  made 

1.1  Rotation  of  the  bridge  current  oontrol  should  oause  nhe  bridge  ourrent 

to  vary  between  28  and  46  milliamperes.  If  the  bridge  ourrent  cannot 

be  varied  over  this  range  either  the  tubes  or  the  batteries  are  weak  and 
should  be  replaced. 

1.2  Cheok  zero  axis  setting  as  follows  i set  the  proosui-*  bead  switoh  to 
dummy  pressure  head,  and  set  the  dummy  pressure  head  control  to  the  posi- 
tion whioh  gave  a oenter  of  soale  reading  on  the  Esterline-Angus  at  in- 
stallation. 

1.3  Cheok  the  calibration  of  the  higi  sensitivity  soale  by  setting  the  range 

switch  to  High  Sensitivity  Range  and  the  dunmy  pressure  head  dial  to  the 
position  whioh  gave  full  soale  readings  on  the  Esterlins-Xngus  at  in- 
stallation. Pull  soale  reading  should  be  obtained.  If  full  soale 

readings  are  not  obtained,  a oomplete  cheok  of  the  shore  equipment  must  be 
made 

NOTEt  The  dummy  pressure  head  dial  settings  will  be  different  for  each  new 
pressure  head.  The  dial  settings  for  a new  pressure  head  can  be  found  by 
adjusting  the  dial  for  a full  soale  reading  immediately  after  the  bridge 
has  been  adjusted  and  ie  known  to  be  oorreot. 
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1.4  Che  ok  the  calibration  of  the  Low  sensitivity  range  by  setting  the 
range  switoh  to  Low  Sensitivity  Range  and  repeating  Section  1.2.  Half 
soale  reading  should  be  obtained. 

2.0  Disconnect  the  sea  oable  from  the  reoording  unit  and  check  the  oahle  re- 
sistances as  follows; 

2.1  All  oable  leads  should  have  a resistanoe  of  0.5  megohms  or  greater 
to  ground. 

2.2  Resistanoe  between  the  " + " and  leads  should  be  the  same  as 
when  installed. 

2.3  Resistanoe  between  the  " + " or  lead  and  the  "C.T."  lead  should  be 
the  same  as  when  installed  and  should  fluctuate  with  the  wave  action. 

3.0  Visually  oheok  the  lines  from  the  recorder  to  the  junction  box  at  the  beach 
and  the  junction  box. 

4.0  Visually  check  the  sea  cable  on  the  beach  as  far  as  possible. 

Troub?„e  Shooting  Prooedure 

1.0  If  the  equipment  does  not  function  properly,  switoh  thenpressure  h>sad" 
switoh  from  dummy  pressure  head  position  to  pressure  head  position  and 
follow  the  test  prooedure  to  determine  whether  the  trouble  is*  (l)  in 
the  onshore  equipment,  or  (2)  in  the  sea  oable  and  pressure  head. 

2.0  Possible  difficulties  in  the  shore  equipment.  (Pressure  head  switoh  in 
"pressure  head"  position) 

2.1  Bridge  ourrent  oannot  be  adjusted  to  oorreot  value  (1.0  and  1.1 
of  test  prooedure)  - weak  batteries  and  tubes. 

2.2  Bridge  ourrent  fluotuates  with  wave  aotion  - weak  batteries  and 
tubes. 


2.3  So  bridge  ourrent  - 

a.  Fuses  in  power  supply  and  bridge  oirouit  burned  out 

b.  Filament  of  a tube  burned  out  (note  that  the  filaments  of 
the  tubes  are  conneoted  in  series). 

o.  Power  transformer,  ohoke  or  filter  oondonser  burned  out. 

2.4  Ester line-Angus  reoorder  pen  writes  at  one  side  of  the  ohart  — 

a.  A 500-ohm  preoision  resistor  in  the  bridge  oirouit  burned  out. 

b.  Dummy  pressure  head  potentiometer  burned  out. 

2.5  Ester line-Angus  recorder  pen  writes  only  at  oenter  of  the  ohart  — 

a.  Lead  between  E.A.  reoorder  and  the  bridge  unJt  disconnected 

b.  Preoision  resistor  or  calibration  potentiometer  in  series  with 
the  reoorder  burned  out 

c.  E.A.  reoorder  burned  out. 
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3.0  Possible  difficulties  in  the  pressure  head  or  the  sea  cable. 

3.1  Hesistanoe  tests  (resistances  of  test  procedure  2.0  not  oorrect) 
give  incorrect  values: 

a.  Lines  between  reoorder  and  junotion  box  are  faulty.  Repeat  the 
resistance  check  of  the  ?e»  cable  from  the  .junction  box  between 
the  sea  cable  and  the  telephone  line. 

b.  Low  resistance  readings  indicate  that  the  sea  cable  has  broken 
or  the  instrument  has  flooded  with  sea  water.  Hig^i  resistance 
readings  indioate  that  the  750-ohm  potentiometer  has  burned  out. 
Retrieve  the  pressure  head  and  test  the  sea  oable  and  pressure 
head  separately. 

3.2  Recorder  pen  frequently  jumps  toward  the  center  of  the  chart  pro- 
ducing a jaggod  record: 

The  pressure  head  potentiometer  is  worn  and  the  arm  does  not  make 
oontaot.  Replace  the  pressure  head. 

Resistance  test  of  the  saa  oable  between  lead a "+-■  and  "C.T." 
should  read  the  same  resistance  as  at  the  time  of  installation, 
except  for  sudden  jumps  toward  infinite  resistance. 

3. 3 Reoorder  pen  sticks  at  a given  level  on  the  ohart  — 

Mechanically  adjust  the  Esterline-Angus  recorder  to  a new  zero 
position.  If  the  recorder  continues  to  stiok  at  the  same  point  in 
the  wave  record,  the  potentiometer  in  the  pressure  head  is  worn 
and  should  be  replaced.  If  the  pen  reoorder  sticks  at  the  same 
position  on  the  ohart.  the  meter  movement  of  the  pen  reoorder 
should  be  cleaned 

3.4  Sensitivity  of  the  wave  reoorder  decreases  during  periods  of 
high  tide: 

This  trouble  is  noticed  as  a decreased  wave  height  being  recorded 
each  time  the  tide  is  maximum,  or  above  a given  level.  The  effect 
will  increase  with  time  until  the  reoorder  stops  completely. 

The  instrument  is  losing  air  from  the  air  chamber.  Replace  the 
pressure  head. 

Replacement  and  Servicing  Parts  List. 

Replacement  parts  for  eleotronio  equipment t 

Standard  Tims  Switch,  type  SR  for  110-volt, 

60-cyole  operation 

T.E.C,  Cramer  timer,  110  V.  a-o 
60  oyoles  30-min.  time  range  - to 
operate  for  remote  sustained  contact 
SPOT  switch 


Vendor 

Sangamo  Elect.  Co. 
1051  Howard  St. 

San  Francisco,  Calif 

R.  W.  Cramer  Co 
120  Main  Stret 
San  Francisco,  Calif 
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Power  Transformer  Bleotrio  Engineering  Co. 

(a)  Input  voltage;  110  V.a-o,  60  oyoles  Berkeley,  Calif. 

(b)  Output  voltages;  25  7.  1.6  amperes 

57.  5 amperes 

350  7.  150  milliamperes 


«.  * a a n/«l 

WVVOriVO  6C.Q  »U  1W 


AH  Battery  BA-2 
Havy  19033 

80  Order  Ho.  23596-PH-49-7 


or 

Burgess  type  4156 

7aouum  Tubes  - Replaoe  at  six -month  intervals 

1  - type  6SH7 
3 - type  6Y6G 
1 - type  5IJ4G 


Hater iais  for  underwater  oable  splices > 

2 8-o*.  tubes  3M  weather  stripping  oemont  - Minnesota  Mining  and  Mfg.  Co. 

3 rolls  Okanite  oable  splioing  compound  3/4-dnoh  wide  — Okanite  Co. 

3 roils  Okoprene  rubber  tape  - 5/4  inoh  wide  " 

3 2-os.  tubes  Okanite  rubber  oement  " 

1 Burndy  Ho.  10  By lug  Kit.  — Burndy  Bleotrio  Co. 

2 Halsoo  Ho.  608  black  insulating  tubing  (spaghetti)  Gauge  Ho.  2. 

Materials  needed  for  repair  of  pressure  head 


2 quarts  DC  200  Silicons  fluid,  viscosity  10  oentistokes  — Dow  Corning  Co. 

6 "0"  Ring  - linear  Ho.  1866.16  - Bearing  Specialty  Co,  Oakland,  Cali 

6 "0"  Ring  - linear  Ho.  AH6227-B-9  " " 

2 dozen,  l/4  -20  x 3/4"  filister  head  machine  screws 
2 dozen  l/4  - 20  hex  nuts 

2 Rubber  bellows  3 -inch  0. D.  — Goodyear  Rubber  Co. 

2^-inoh  I.D. 

5 convolutions 

Moulded  of  butyl  synthetio  or  other  material,  water  resistant  and  with 
low  permeability  to  air. 

1.  Differential  Pressure  Potentiometer,  Bourne  Laboratories 

Model  503,  with  the  following  specif ioations ; 6135  Magnolia  Ave 

a.  Potentiometer;  750-ohm,  1-watt  when  sub-  Riverside,  Calif, 
merged  in  silioone  fluid 

b.  Range;  plus  and  minus  3.5  psi 

o.  Potentiometer  is  aidpositioned  with  zero  pressure  applied 

d.  1 percent  linearity 

e.  Capable  of  withstanding  100  peroent  overload  without 
more  than  £ 1 peroent  shift  in  calibration. 
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APPENDIX  I 

ANALYSIS  OF  OCEAN  WAVE  RECORDS 

B10  wave  recorders  are  programmed  to  run  at  slow- speed  (3  inches 
per  hour)  for  5 hours  and  40  minutes,  and  at  fast-speed  (3  inches  p6r  minute) 
for  20  minutes.  When  definite  and  pronounced  Increases  in  wave  amplitudes 
(indioating  the  arrival  of  wave  trains)  are  evident  on  the  s low-speed  portion 
of  the  record,  the  time  and  date  of  these  arrivals  are  noted  by  the  analyser. 

Only  the  fast-speed  sections  of  the  chart  are  analysed  for  wave  height  and 
period.  A twenty-minute  interval  is  selected  for  determining  oharacteristio 
wave  period  and  mhximuta  and  Characteristic  wave  heights.  Except  in  oases  of 
storm  arrivals,  as  previously  mentioned,  the  records  are  analysed  at  twelve- 
hour  intervals.  Records  are  analysed  every  six  hours  during  storm  periods  or 
when  the  slow  speed  portion  of  the  record  indicates  rapidly  changing  conditions. 

To  standardise  practices  used  in  the  analysis  of  ooean  waves  from  under- 
water pressure-head  reoords,  the  following  list  of  definitions  has  been  ao- 
oepted^3'  . 

1.  Wave  height  is  the  vertical  distance  between  the  oreet  of  a wave  and 
the  preceding  trougi. 

2.  Characteristic  wavs  Haight  is  the  average  height  of  33-1/3  percent 
of  the  highest  waves. 

3.  Wave  period  is  the  time  interval  between  the  appearance  at  a fixed 
point  of  successive  wave  orests. 

4.  Characteristic  wave  period  is  tho  average  period  for  the  well- 
defined  series  of  highest  waves  reoorded. 

5.  Wave  direction  is  the  orientation  of  the  line  of  travel  of  the 
largest  well-defined  waves. 

PROCBPJBE  FCR  ANALYZING  WAVE  RECORDS 

The  following  steps  in  the  procedure  for  analysing  wave  reoords  have 
been  developed  over  a period  of  several  years  at  the  University  of  Califbrnia. 

Receipt  of  the  Reoordi 

The  gr&phio  chart  represents  the  time  history  of  the  surfaoe  wave  aotion 
and  should  be  the  final  authority  in  case  of  future  oonjeoture  as  to  the  validity 
of  statistical  information  oompiled  therefrom.  Hence,  a system  of  logging  oharts 
is  used  for  facility  of  future  reference.  The  log  of  reoords  oontainai  (a)  the 
time  and  date  the  run  began  and  ended,  (b)  the  number  of  the  ohart  (i.a.,  its 
ohronologioal  sequence)  and  (o)  the  date  the  record  was  reoeived.  Following  is 
a form  which  has  been  used  for  logging  reoords. 


LOCATION 

START 

END 

SHARKS 

RECEIVED 

ROLL  NO. 

TIME 

date 

TIME  _ 

DATS 

Log  for  Marie  IX  Wave  Reoorder  Charts 


Superscript  numbers  in  parentheses  refer  to  References  at  end  of  main  body 
of  report. 


* 
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Reading  the  Chart  r 

A.  Frequency  of  taking  samples 

1. . The  wave  records  are  analysed  during  the  fast-speed  portion  of  the 
ohart  at  approximately  twelve-hour  intervals.  Keoorders  are  program- 
med to  obtain  fast-speed  reoords  at  6 A.li. , noon,  6 F.U.,  and  midnight? 

2.  Manual  operation  of  the  ohart  speed  is  provided  on  all  reoords.  Ad- 
ditional samples  may  be  obtained  by  the  operator  during  storm  periods. 

The  frequenoy  of  these  samples  and  the  number  of  the  reoords  analysed 
is  left  to  the  discretion  of  the  operator  and  analyst. 

B.  Establishing  the  point  in  time  of  readings 

1.  Ibe  beginning  time  should  always  be  marked  on  the  ohart  when  a new 
roll  is  placed  in  operation,  and  also  when  it  is  removed  from  the  re- 
corder. 

2.  If  possible,  time  oheoks  should  be  made  on  the  ohart  during  the  reoording 
period  together  with  supplementary  remarks  concerning  the  onaraoter 

of  the  surface  waves.** 

3.  A progressiva  time  determination  is  made  assuming  six-hour  intervals 
between  the  beginnings  of  the  fast-speed  runs.  The  time  at  any  point 
on  the  ohart  oan  be  determined  by  measuring  the  ohart  length  (or 
counting  divisions)  from  the  known  time?** 

4.  The  time  of  the  reading  is  defined  as  the  mean  time  of  the  interval 
ohosen  for  analysis  (see  C "Selection  of  Interval"). 

C.  Seleotion  of  interval  to  bo  analyzed  within  the  fast-speed  portion  of  the  ohart 

The  programming  of  the  fast-speed  portion  of  the  wave  reoord  would  logic- 
ally be  a direct  funotion  of  the  average  period  of  waves  during  that  portion. 

That  is,  the  analysis  is  normally  based  on  a given  number  of  waves,  and  for  equal 
numbers  of  waves  measured  per  interval,  one  would  seleot  short  and  long  fast- 
spoed  intervals  for  waves  of  shorter  and  longer  periods,  respectively.  While 
this  would  be  statistically  consistent,  it  would  require  the  impraotioabillty 
of  period  forecasting  and  the  inoonveni enoe  of  variable  programming,  or  the 
use  of  an  excessive  amount  of  chart  paper.  Eonoe  the  following  plan  is  used, 
based  on  the  analysis  of  a fixed  time  interval. 

1.  If  the  unit  is  programmed  to  run  at  fast  speed  for  a longer  time 
than  20  minutes,  seleot  the  interval  to  inolude  20  minutes  of  the 
fast-speed  portion  and,  if  possible,  seleot  thin  interval  suoh 
that  its  mid-point  will  approximately  ooinoide  with  the  mid-point 
of  the  fast-speed  run. 

me* 

The  Sangamo  timer  used  for  programming  the  frequenoy  of  fast  runs  and  their 
duration  may  be  used  in  a number  of  combinations. 

**  These  periodio  remarks  should  inolude  time  of  observation,  direotion  of  waves, 
the  stage  of  the  tide,  and  desoriptive  remarks  about  the  oharaoter  of  the 
water  aurfaoe  - suoh  as  oalm,  rough,  white  oaps,  eto. 

***  Fast  chart  speed  corresponds  to  3 inches  per  minute,  slow  ohart  speed  cor- 
responds tc  3 inohes  per  hour. 


2.  In  the  event  that  this  interval  cannot  be  taken  (due  to  the  end  of 
the  chart  or  variation  in  caw.  action  of  the  programmer),  seleot  as 
great  an  interval  as  may  be  possible,  centering  the  interval  so 
that  at  least  one  minute  is  allowed  at  the  beginning  of  the  interval 
in  order  for  the  chart  rpeed  to  reach  its  full  speed  (particularly 
if  the  spring  wound  reoorder  is  used). 

A typical  wave  reoord  has  been  analyzed  and  reproduced  here  to  il- 
lustrate the  analysis  procedure*.  Hotioe  that  the  time  of  the  be- 
ginning of  the  sampling  interval  is  0829  whereas  the  beginning  time 
of  the  fast-speed  run  is  at  0827.  An  interval  of  20  minutes  has 
been  selected  in  this  fast-speed  portion,  hence  the  end  of  the 
sampling  interval  is  0847. 

Hie  time  of  the  interval  being  oentered  within  this  20-minute  in- 
terval is,  therefore,  0839. 

D.  Determination  of  the  characteristic  period 

1.  Having  defined  the  sampling  interval,  the  next  step  is  to  select 
several  groups  of  waves,  within  the  interval,  that  contain  a series 
of  well-defined  waves. 

2.  Measure  the  length  of  time  from  the  beginning  to  the  end  of  each 
of  the  series  of  well-defined  waves  and  count  the  number  of  waves 
included  in  this  series. 

3.  Divide  the  sum  of  the  time-intervals  cf  the  groups  of  waves  by  the 
total  number  of  waves  oounted  in  all  suoh  groups. 

m - i 
" a 

•"hors  t * total  time  interval  between  the  beginning  and  end 
of  all' well-defined  series  of  waves. 

n * total  number  of  waves  included  in  all  of  the  series. 

Ie  = the  characteristic  wave  period. 

From  the  example,  we  see  that  there  have  been  six  suoh  groups  of 
waves  seleoted  and  that  the  characteristic  period  of  this  interval 
is  found  to  be 

t 44  + 87  + 193  + 75  + 103  + 114  - 616  _ , , „ 

T0  = a = S +- 6 Tig  +T  TTTT  - " -T2  ' 

K.  Determination  of  the  number  of  significant  waves  to  bo  measured 


1.  Divide  ths  interval  by  the  characteristic  wave  period  to  determine 
the  number  of  waves  within  the  interval. 


For  examples 

Interval  (la  ae ponds) 
Period  (seoonds  per  wave] 


= H number  of  waves 


This  was  not  from  one  of  the  Guam  recorders. 


.MM  - 


20  x 60  _ 1200 


- P2  wave 8 


n- 1,-  — ■ j ■■  — navo o 

• 7 14*7 

2.  Measure  the  highest  U/3  waves  (H /3  = 82/5  ~ 27)* 

(a)  Soan  the  record  selecting  the  highest  waves  observed  until  H/3 
waves  sure  selected. 

(b)  Measure  the  height  of  the  eaves  in  divisions  and  reoord. 

A.s  way  be  seen  in  the  sample  analysis  Data  Sheet,  "the  values  of  the  wave  heists 
have  nvna  recorded,  the  remaining  part  of  the  analysis  being  to  arrive  at  the  sig- 
nificant wave  heights  from  these  data. 

F.  Determination  of  significant  wave  heights 

1.  Determine  the  average  of  the  highest  l/5  waves  as  recorded  (in  this 
oase  27  waves).  Sinoe  the  waves  are  measured  in  terms  of  the  rs- 
oorder  ohart  divisions,  the  designation  of  this  average  is  Bx/3. 

From  the  example,  B^/S  ■ 15.9*? 

2.  Reoord  the  maximum  wave  height  encountered  1L.,  in  this  oase  19.5 
divisions. 

0.  Evaluation  of  wave  heights  from  ohart- divisions  to  wave  height  In  feet-of- 

water 

1.  The  following  equation  is  used  to  obtain  the  surface  wave  heights 

H * f B (1) 

where  H = wave  height  at  surface  1«?  feet. 

C = calibration  factor  of  the  instrument  in 
feet  of  water  pressure 


I - pressure  response  faotor  based  upon  depth  of  the  in- 
strument, depth  of  the  water  and  length  (or  period) 
of  wave  being  reoorded 

R > reading  (In  divisions)  taken  from  ohart  as  shown  above. 

2.  Sinoe  the  oharaeteristio  wave  height  and  the  wave  experience 

are  the  only  two  surface  heights  required  in  o mailing  the  sta- 

tistical information,  only  the  values  from  the  preoeedlng  determi- 
nation need  be  used  as  the  value  of  "R"  in  the  above  equation  (1). 


In  the  example  given,  the  higjheet  50  waves  have  been  selected  for  measure- 
ment, and  after  measurement,  the  three  lowest  of  this  group  have  been  omit- 
ted from  the  average,  formally  the  analyst  need  select  only  1 /S  of  the 
waves  for  measurement. 


**  Omitting  12,  12.5,  12.5  (thrss  lowest  values  of  the  50  selected  for 
measurement) 


A7-5 


Example » 


Hi/_ 

Hi  v 


15.9 


Hyj  * ”057  °*0766  = 1<48  f*** 
18.6 

Hwgc  * 055  O-OTW  ■ 1.79  fret 


3.  The  value  of  C(  0.0756,  eras  determined  by  laboratory  test. 

d.  The  values  ox  a tor  tmtauu.  ..css  of  depth,  period,  si 

be  readily  computed  or  obtained  from  prepared  tables^8/* 


H.  Recording  the  statistioal  information 

$he  purpose  of  analyzing  wave  data  is  to  finally  compile  statistics 
that  give  a time  history  of  the  oharaoteristios  of  surfaoe  waves.  This  in- 
formation may  be  tabulated  on  a form  as  shown  below  and  eventually  may  be 
graphed  to  a tine  scale. 


CHARACTER  OF  THE  SEA  TAB LB 
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FIGURE  5 


REGULATOR  CHARACTERISTICS 


REGULATION  OF  L'NE  VOLTAGE  VARIATIONS 


Scngomo  turner 


A FRONT  PANEL  (Note  progrom  cams) 


B.  BACK  PANEL  (Terminal  board) 


MARK  IX,  MOOEL  m BRIDGE  AND  POWER  SUPPLY  UNIT 
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FIGURE  6 


b Bottom  view,  wiring  layout 
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FIGURE  12 


o.  Pressure  head  ready  to  be  installed 


b Pressure  head  installed,  depth  of  c.  Close-up  of  pressure  head 
pressure  head  is  7 feet  below  MLLW. 


ion  of  o p:essure  type  wave  recorder 
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b.  Tripod  m place.  Tide  stage:  4 feet  above  Ml.LW. 
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a.  4 - foot  scarp,  Oceansiae,  cal i for n : 


FIGURE  17 


b.  Shallow  water  reefs  exposed  at  low  tide,  Cocoa, 
Florida. 


Scarps  and  reefs 


c.  Cable  e..posed  on  reef. 
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i Fig.  22  — Preparing  10  lay  cable  at  Heceta  Hoad, 

Oregon.  All  connections  have  been  made; 
aircraft  wing  tanks  between  DUKWs 
were  used  to  buoy  the  coble  and  re- 
| duce  drag. 
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